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INVESTIGATIONS OF GRAVITY AND ISOSTASY. 


By WuuuaM Bowr, Chief of the Division of Geodesy. 


INTRODUCTION. 


For a number of years the United States Coast and Geodetic Survey has been carrying on 
geodetic investigations of isostasy, with special reference to the effect of the isostatic compen- 
sation upon the deflection of the vertical and the intensity of gravity. 

Four reports on these investigations have appeared, the first one in 1909 and the last in 1912.¢ 

The first two dealt with the determination of the figure of the earth from deflections of the 
vertical in the United States, corrected for topography and isostatic compensation. In the 
last two there were given the results of the investigation of the effect of topography and isostatic 
compensation upon the intensity of gravity at stations mostly in the United States. 

The present volume gives the results of further study of the relation between gravity and 
isostasy. In it are embodied the gravity data resulting from the previous work. In the second 
gravity report 124 stations in the United States were considered, while in the investigation of 
which this volume is a report there are listed 219 gravity stations in the United States, 42 
stations in Canada, 73 stations in India, and 40 others, principally in Europe. The Canadian 
stations were established by F. A. McDiarmid, of the Geodetic Survey of Canada. He reduced 
those stations for topography and isostatic compensation after the method described in Special 
Publication No. 10. The late director of the Geodetic Survey of Canada, Dr. W. F. King, gener- 
ously furnished to the United States Coast and Geodetic Survey the results of their work for 
incorporation with the United States stations in some phases of this investigation, previous to 
their publication in Canada. 

This report has as its main features: 

1. The observed value of the intensity of gravity at stations in the United States, Canada, 
India, and Europe and at a few scattering stations. 

2. Discussions of the relations between the gravity anomalies and the topography, the large 
areas of erosion and deposition, the geological formation as indicated by the surface rock at 
the stations, and the elevation of the station. 

3. The regional versus the local distribution of isostatic compensation. 

4. The determination of a gravity equation, the earth’s flattening, and the depth of com- 
pensation upon each of several assumptions. 

5. Summaries of the results of the field observations with the pendulums. These furnish 
a basis upon which to judge the accuracy of the determination of the intensity of gravity at 
the various stations. 

6. The illustrations in the pocket at the back of the volume, which give graphically much 
data resulting from this investigation. 

There are other lines along which investigations might have been made. Some of these 
may be undertaken at a later date as more data become available. One of these is the detailed 
study of certain regions where there are gravity and deflection stations and where the evidence 

a Figure of the Earth and Isostasy from Measurements in the United States, by J. F. Hayford, 1909; Supplementary Investigation in 1909 
of the Figure of the Earth and Isostasy, by J. F. Hayford, 1910; Effect of Topography and Isostatic Compensation tipon the Intensity of Gravity, 


by J. F. Hayford and William Bowie (Special Publication No. 10), 1912; same title, second paper, by William Bowic (Special Publication No. 12), 
1912. 
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points to strong Joral’ Eran or causes which change the size and sign of the gravity 
anomalies at stations’ grouped comparatively close together. This phase of the subject is an 
important one and has been urged upon the Survey by several scientists of note. 

"Teas “hoped that many of those who are interested in the subject of isostasy will use the 


oc ‘data contained in this and similar publications of the Survey for detailed study and investigation. 


It is only in this way that the data collected and published can be fully utilized. The time 
which can be placed on this work by members of the Survey is necessarily limited, because of 
many other lines of duty calling for prompt attention. 

It is believed that it is desirable to publish promptly the observed values of the 
intensity of gravity and the reductions for topography and isostatic compensation rather than 
to delay for exhaustive detailed studies. 

The author desires to express his appreciation of the important part taken by a number 
of the members of the Survey in the investigations covered by this report and in the preparation 
of the report itself. Especial credit is due Computers W. D. Lambert, Sarah Beall, H. G. 
Avers, C. H. Swick, E. F. Church, and G. E. Selby. 

Assistants C. L. Garner and J. D. Powell deserve much credit for the efficient way in 
which they carried on the field work while establishing the 94 new stations. They did this work 
with great accuracy and economy. They also assisted in the office reductions. 

As far as possible this report follows the general plan of the two previous gravity reports 
of the Survey. As the writer is the author of the second of those reports and a joint author 
of the first, some of the statements and definitions contained in the text of this volume may 
be similar to those in the former reports. Under the circumstances it is not necessary to 
set them off from the other text. 

In Part I of this volume are given the results of the investigations, and in Part II the 
abstracts or summaries of observations in the field and the descriptions of the stations. 

Anyone wishing to make a detailed study of the subject covered by this report should con- 
sult the four reports whose titles are given in the footnote on page 5. They may be obtained 
through the Division of Publications of the Department of Commerce, Washington, D. C. 


Part I—INVESTIGATION OF GRAVITY AND ISOSTASY. 


ost 


Chapter I.—DEFINITION OF TERMS AND EXPLANATION OF METHODS OF COMPUTATION 
ISOSTASY DEFINED. 


If the earth were composed of homogeneous material, its figure of equilibrium, under the 
influence of gravitation? and its own rotation, would be an ellipsoid of revolution. 

The earth is composed of heterogeneous material which varies considerably in density. 
If this heterogeneous material were so arranged that its density at any point depended simply 
upon the depth of that point below the surface, or, more accurately, if all the material lying 
at each equipotential surface (rotation considered) were of one density, a state of equilibrium 
would exist, and there would be no tendency toward a rearrangement of masses. The figure of 
the earth in this case would be a very close approximation to an ellipsoid of revolution. 

If the heterogeneous material composing the earth were not arranged in this manner at the 
outset, the stresses produced by gravity would tend to bring about such an arrangement; but 
as the material is not a perfect fluid, since it possesses considerable viscosity, at least near the 
surface, the rearrangement will be imperfect. In the partial rearrangement some stresses will 
still remain, different portions of the same horizontal stratum may have somewhat different 
densities, and the actual surface of the earth will be a slight departure from the ellipsoid of 
revolution in the sense that above each region of deficient density there will be a bulge or bump 
on the ellipsoid, and above each region of excessive density there will be a hollow, relatively 
speaking. The bumps on this supposed earth will be the mountains, the plateaus, the conti- 
nents, and the hollows will be the oceans. The excess of material represented by that portion 
of the continent which is above sea level will be compensated for by a deficiency of density in the 
underlying material. The continents will be floated, so to speak, because they are composed 
of relatively light material; and, similarly, the floor of the ocean will, on this supposed earth, 
be depressed because it is composed of unusually dense material. This particular condition of 
approximate equilibrium has been given the name ‘‘isostasy.”’ 

The adjustment of the material toward this condition, which is produced in nature by the 
stresses due to gravity, may be called the ‘‘isostatic adjustment.” 

The compensation of the excess of matter at the surface (continents) by the deficiency of 
density below, and of surface deficiency of matter (oceans) by excess of density below, may be 
called the ‘‘isostatic compensation.” 

Let the depth below sea level within which the isostatic compensation is complete be 
called the ‘‘depth of compensation.’”’ At and below this depth the condition as to stress of 
any element of mass is isostatic; that is, any element of mass is subject to equal pressures 
from all directions as if it were a portion of a perfect fluid. Above this depth, on the other 
hand, each element of mass is subject in general to different pressures in different directions— 
to stresses which tend to distort it and to move it. 

Consider the relations of the masses, densities, and volumes, above the depth of com- 
pensation, fixed by the preceding definition. The mass in any prismatic column which has 
for its base a unit area of the horizontal surface which lies at the depth of compensation, for 

@ In this publication “gravity is the term used for the phenomenon of weight or of the acceleration of a body falling to the earth, and, at any 
place, it is the resultant of the carth’s attractive force, ‘‘gravitation,’’ and the centrifugal force due to the earth’s rotation. This distinction 
between the terms ‘‘gravity’’ and ‘‘cravitation’’ is not always clearly drawn. 


In general it will be found that throughout this publication the attraction (expressed in dynes) is dealt with directly by preference rather 
than its numerical equivalent, the acceleration (expressed in centimeters and seconds). 
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its edges vertical lines (lines of gravity) and for its upper limit the actual irregular surface 
of the earth (or the sea surface, if the area in question is beneath the ocean), is the same as 
the mass in any other similar prismatic column having any other unit area of the same surface 
for its base. 


ASSUMPTIONS MADE IN REGARD TO THE TOPOGRAPHY AND ISOSTATIC COMPENSATION. 


For the purpose of making the computations by the Hayford method the earth’s crust ‘is 
assumed to be in a state of perfect isostasy, with each topographic feature compensated for by 
a deficiency (or excess) of mass directly under it, and it is assumed that this compensating 
deficiency (or excess) of mass is uniformly distributed to a depth of 113.7 km. This depth is 
that resulting from the first investigation by Hayford given in the Figure of the Earth and 
Isostasy from Measurements in the United States. | 

The mean density of the solid portion of the earth's surface is assumed to be 2.67 and the 
density of the ocean water 1.027. There is no assumption regarding the normal densities in the 
earth’s crust below sea level. This fact should be clearly borne in mind, for a failure to realize 
this has been confusing to some who have considered the question of isostasy. It is simply 
assumed that the arrangement of the densities in the crust under a coastal plane at zero eleva- 
tion is normal and that the densities under the continents, islands, and the oceans depart from 
the normal condition by the amount necessary to distribute the isostatic compensation uni- 
formly with respect to depth of compensation. For our purpose a knowledge of the actual 
density at any given depth is unnecessary. 

The writer does not believe any one of the assumptions stated above is exactly true. The 
average density (from Harkness’s The Solar Parallax and Its Related Constants, p. 92) is 
certainly in error for the surface matcrials at many stations. The depth of compensation has a 
large probable error and may be largely in error for any given place. As it is the average or 
mean depth it may be subject to an actual error of considerable size. It 1s probable that the 
compensation for a topographic feature is not always distributed with exact uniformity with 
respect to depth. And it is also probable that the compensation is not located directly under a 
topographic feature. It may have a greater horizontal extent than the feature. The anomalies 
or differences between the observed gravity and the computed gravity give an idea of the extent 
to which the assumptions are not true. These differences are due partly to errors in the observa- 
tions and computations, but mostly to departures from the conditions postulated. But it may 
be stated that the results show that the continents as a whole are almost perfectly compensated 
and that this is the condition with respect to large portions of a continent. One of the im- 
portant problems of the geodcsist 1s to determine the limits of the arcas which may not be at 
least partly compensated. 


CHANGE OF SIGN DUE TO DISTANCE. 


The reader should consult pages 65 to 70 of Special Publication No. 10, which deals with the 
change of sign of the effect of topography and compensation due to distance. 

In nearly all cases the combined effect of the topography and compensation changes sign 
from plus to minus before zone L is reached. This zone has an inner limit which is only 19 
km. from the station. This is an important matter which should be considered by anyone 
studying the question of isostasy and its effect upon the intensity of gravity. One might 
assume without due consideration that in a mountainous region a station should have large 
positive corrections for each of the near zones, say within zone N, outer limit 99 km., while they 
may have large negative values. Pikes Peak, for example, has corrections of —0.0290 and 
— 0.0334 dynes, respectively, for zones M and N. 

The explanation of the change in sign is given in detail in Special Publication No. 10. 
Briefly, it is that near the station the topography has the predominating effect, as it is much 
closer than the center of mass of the compensation. As the distance from the station increases 
the ratio between the sine of the depression angle to the center of the compensation ‘and the 
sine of the angle of elevation or depression to the center of the topography becomes greater. 
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At the same time the ratio of the distances to the compensation and to the topography becomes 
less. Therefore at a certain distance the vertical component of the effect of the compensation 
becomes greater than that of the topography. 

It is evident that at great distances from the station the effect of the compensation will be 
greater than the topography. It should be noted that the effect of topography in the oceans is 
negative and its compensation positive. This fact causes the combined effect for the more 
distant zones, which cover water areas mostly, to be positive. These facts may be observed by 
referring to the table given on pages 20-48. 


REDUCTION TABLES FOR EFFECT OF TOPOGRAPHY AND ISOSTATIC COMPENSATION. 


The tables for making the reduction for topography and compensation were computed 
upon the theory that the earth’s crust is in a state of perfect isostasy with a surface density of 
2.67 and a density of water in the oceans of 1.027, that the compensation is complete directly 
under the topography, and that the depth of compensation is 113.7 km. These tables with 
detailed statements as to the methods employed in computing them, and directions for using 
them are printed in Special Publication No. 10, entitled, ‘‘The effect of topography and iso- 
‘static compensation upon the intensity of gravity,” United States Coast and Geodetic Survey, 
1912. Itis not desirable to repeat the tables with descriptions showing how to use them. The 
tables are made for 33 zones, which cover the entire surface of the earth, it having been found 
that the resultant attraction of the topography and compensation even at the antipodes must 
be taken into account. 

It has been found possible to save much effort in making the computations by interpolating 
the values for the effect of the topography and compensation for the outer zones for a station 
from the values for those zones computed for surrounding stations. The saving will be greater 
when the new station is very close to the stations used for the interpolation. The subject of 
interpolation is discussed fully on pages 58 to 65 of Special Publication No. 10. 


CORRECTIONS AND ADDITIONS TO TABLES. 


Since its publication some errors were discovered in the reduction table for zone C. This 
table is repeated below with the corrected numbers in boldface type. These errors had no 
appreciable effect on the results of the investigations reported in Special Publications Nos. 
10 and 12. 

On pages 11 to 18 there are given additional tables which should be used when computing 
the effect of topography and compensation for the close topography at mountain stations. 
(See p. 94.) 

For computing the effect of using the tables for a subdivided zone instead of the table . 
for the entire zone, the elevation of the entire zone must be made consistent with the eleva- 
tion of its parts. If h, and A, are, respectively, the elevations of the inner and outer subzones 
and fA the average elevation of the entire zone, then, 


for zone C, h=h,+0.255 (h,—h,), 
for zone D, h=h,+0.310 (h,—A,), 
for zone E, h=h,+0.317 (h,—A,), 
for zone F, h=h,+0.328 (h,—A,). 


In conformity with the reduction tables in Special Publication No. 10 all tabular values 
in the following tables are expressed in units of the fourth decimal place in dynes. 
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Chapter IT. CORRECTIONS FOR TOPOGRAPHY AND ISOSTATIC COMPENSATION AND 
PRINCIPAL FACTS FOR GRAVITY STATIONS. 


MEAN ELEVATIONS AND CORRECTIONS FOR TOPOGRAPHY AND ISOSTATIO COMPENSATION FOR 
SEPARATE ZONES AT STATIONS IN THE UNITED STATES. 


There are given in the following tables (pp. 20 to 45) the combined effect of the topography 
and compensation for all zones and the separate effects of the topography and the compensa- 
tion for each of the lettered zones for the 219 stations in the United States. In addition, there 
is given the mean elevation of the topography for each of the lettered zones for all of the sta- 
tions from No. 57 to No. 219. No record of the elevation of the topography for the separate 
zones was made for the first 56 stations, when the topography and compensation effects were 
computed, and it was not deemed expedient to read the maps again to obtain that information 
for publication here. With the combined effect of topography and compensation given for 
separate zones at the first 56 stations one may get from the tables an approximate value of the 
elevation of the topography for the zones. The values of the effects of topography and com- 
pensation, separately and combined, are expressed in the fourth decimal place in dynes. Values 
resulting from interpolation from surrounding stations are indicated by italic type. (For 
explanation of process of interpolation, see pp. 58-65 of Special Publication No. 10.) The 
following table gives the radii of the zones and the number of compartments in each of them: 


at ar Inner radius of Outer radius of 
of zone zone zone 


Meters Meters 
A 0 2 1 
B 2 68 4 
C 68 230 4 
D 230 590 6 
E 590 1 280 8 
F 1 280 2 290 10 
G 2 290 3 520 12 
H 3 520 5 240 16 
I 5 240 8 440 20 
J 8 440 12 .400 16 
K 12 400 18 800 20 
L 18 800 28 800 24 
M 28 800 58 800 14 
N 58 800 99 000 16 
O 99 000 166 700 28 
o fv Ww oof 6M 
18 1 29 58 1 41 #138 1 
17 1 41 13 1 54 52 1 
16 1 54 682 211 88 1 
15 2 11 8 2 33 46 1 
14 2 33 46 3 03 05 1 
13 8 03 05 4 19 13 16 
12 4 19 13 5 46 34 10 
ll 5 46 34 7 51 30 8 
10 7 51 30 10 44 6 
9 10 44 14 09 4 
8 14 09 20 41 4 
7 20 41 26 41 2 
6 26 41 35 58 18 
5 30 658 51 04 16 
4 51 04 72 13 12 
3 72 13 105 48 10 
2 105 48 150 56 6 
1 150 56 180 1 
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Corrections for topography and isostatic compensation, separate zones, for United States stations—Continued. 
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Mean elevations and corrections for topography and isostatic compensation, separate zones, for United States stations—Contd. 
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Mean elevations and corrections for topography and isostatic compensation, separate zones, for United States stations—Contd. 
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Chapter IT. —CORBRECTIONS FOR TOPOGRAPHY AND ISOSTATIC COMPENSATION AND 
PRINCIPAL FACTS FOR GRAVITY STATIONS. 


MEAN ELEVATIONS AND CORRECTIONS FOR TOPOGRAPHY AND ISOSTATIO COMPENSATION FOR 
SEPARATE ZONES AT STATIONS IN THE UNITED STATES. 


There are given in the following tables (pp. 20 to 45) the combined effect of the topography 
and compensation for all zones and the separate effects of the topography and the compensa- 
tion for each of the lettered zones for the 219 stations in the United States. In addition, there 
is given the mean elevation of the topography for each of the lettered zones for all of the sta- 
tions from No. 57 to No. 219. No record of the elevation of the topography for the separate 
zones was made for the first 56 stations, when the topography and compensation effects were 
computed, and it was not deemed expedient to read the maps again to obtain that information 
for publication here. With the combined effect of topography and compensation given for 
separate zones at the first 56 stations one may get from the tables an approximate value of the 
elevation of the topography for the zones. The values of the effects of topography and com- 
pensation, separately and combined, are expressed in the fourth decimal place in dynes. Values 
resulting from interpolation from surrounding stations are indicated by italic type. (For 
explanation of process of interpolation, see pp. 58-65 of Special Publication No. 10.) The 
following table gives the radii of the zones and the number of compartments in each of them: 


Designation Inner radius of Outer radius of 
of zone zone zone 


Meters Meters 
A 0 
B 2 
C 68 
D 230 
E 590 1 
F 1 280 2 
G 2 290 3 
H 3 520 5 
I 5 240 8 
J 8 440 12. 
K 12 400 18 
L 18 800 28 
M 28 800 58 
N 58 800 99 
O 99 000 166 
o ff ° 
18 1 29 58 1 41 13 1 
17 1 41 13 1 52 1 
16 1 54 52 2 11 8 1 
15 2 11 83 2 33 46 1 
14 2 33 46 3 03 05 1 
13 3 03 05 4 19 13 16 
12 419 13 5 46 34 10 
ll 5 46 34 7 51 30 8 
10 7 51 30 10 44 6 
9 10 44 14 09 4 
8 14 09 20 41 4 
7 20 41 26 41 2 
6 26 41 35 58 18 
5 35 58 51 04 16 
4 51 04 72 13 12 
3 72 13 105 48 10 
2 105 48 150 56 6 
1 150 56 180 1 
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Corrections for topography and {sostatic compensation, separate zones, for United States stations. 
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Corrections for topography and tsostatic compensation, separate zones, for United States statlons—Continued. 
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Corrections for topography and isostatic compensation, separate zones, for United States stations—Continued. 
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Mean elevations and corrections for topography and isostatic compensation, separate zones, for United States stations—Contd. 
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Afean elevations and corrections for topography and tsostatic compensation, separate zones, for United States stations—Contd. 
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Mean elevations and corrections for topography and tsostatic compensation, separate zones, for United States stations—Contd. 
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Mean elevations and corrections for topography and isostatic compensation, separate zones, for United States stations—Contd. 
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Ele- | to. |Com-| raphy | E!&| To. | Com- raphy ang To- |Com- manhy Ele- OPEB" | Ele- Opog 


Pb pog- | pen-| and PY at Pog-| pen-} and | tion | PoS-| pen-|; and | tig, | POS-| Pen-| and tion pog- | pen-| and 


ri i sa fos in i sa com- | "y ~ sa com- | "io rae ge com- | "jn a a com- 
p ion | pensa- p on | pensa- Pp on | pensa- phy | tion | pensa- on | pensa- 
Zone | feet tion | feet tion | feet tion | feet Pion feet | P tion 


ne te (ne pene 


Crisfleld, Md., No. 215 Dover, Del., No. 217 | North Tamarack, Mich., | Hagerstown, Md., No. 219 


A 4/ +1 0; + 1 + 2 0]; + 241215 |+ 2 0}; + 2| 544) + 2 0 + 2 
B 6 0 0 0 42 | +10 0; + 10 | 1215 |+ 64 0} + 64] 551 | +56 0 +56 
C 4 0 0 0 40; +1 O}; + 1 | 1212 [4114 O}; +114] 556 | +64 0 +64 
D 4 0 0 0 0 0 O | 1212 j+111 |] — 1] +110] 559 | +36] — 1 +35 
E 4 0 0 0 0 0 0 | 1207 |+ 60} — 3] + 57] 559] +17] — 1 +16 
F 2 0 0 0 0 0 0{ 1198 |+ 24);—4] + 20] 556/+4]—2 + 2 
G 1 0 0 0 0 0 0/1148 )+ 8) —4] + 4] 560) 4+2)/—2 0 
H 1 0 0 0 0 0 0; 1034 /+ 8|— 5] + 3] 556) +1)-—3 — 2 
Ij —4 0 0 0 0 0 0 + 7|-—7 QO; 547; +1)-5 —4 
J|/-—3 0 0 0 0 0 O| 743 /+ 1)/—8] — 7] 5583 0; - 6 — 6 
Kj —2 0 0 0 0;-—1] — 1]{ 659 0 — 11; 692 0; -11 —ll 
L|—1 0 0 0 O0oj;—1/] — 1{ 62 0 — 15] 771 0 | —18 —18 
M|—3 0 0 0 O;-1{ — 1] 508 0 — 30} 807 0 | —47 —47 
N | — 6 0 0 0 0; —-12|] — 12| 572 0 — 30] 769 0 | —40 —10 
O | —26 QO; +1; + 1 O|—5| — 5| 596 0 — 30; 92 0 | —46 —46 


MEAN ELEVATIONS AND CORRECTIONS FOR TOPOGRAPHY AND ISOSTATIC COMPENSATION FOR 
SEPARATE ZONES AT SELECTED STATIONS IN EUROPE. 


No doubt the Geodetic Survey of Canada will publish the data for the separate zones at 
stations in that country. The publication of the “Survey of India’’* does not give the effect 
of topography and compensation for the separate zones in India. 

For the purpose of testing the gravity height formula (see pp. 93 to 96) a number of European 
stations were reduced for topography and compensation by the Hayford method. The depth 
of compensation used was 113.7 km., the one on which the reduction tables in Special Publication 
No. 10 are based. 

It is believed that the elevations of the topography and the corrections for the separate 
zones as given in the following table are of sufficient interest and value for the purposes of 
further investigations to warrant their publication here. As in the preceding table the cor- 
rections given in the following table are in units of the fourth decimal place in dynes. Figures 
printed in italics represent values interpolated from surrounding stations according to methods 
explained in Special Publication No. 10, pages 58 to 65, or represent values found to be identical 
with those for a station very close by. 


a See Survey of India, Professional Paper No. 15, ‘‘The pendulum operations in India and Burma, 1908 to 1913,’’ by Capt. H. J. Couchman, 
R. E., Deputy Superintendent, Survey of India, Dehra Dun, India, 1915. 
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Mean elevations and corrections for topography and isostatic compensation, separate zones, for selected stations in Europe. 
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Meanelevations and corrections for topography and isostatic compensation, separate zones, for selected stations in Europe— 
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PRINCIPAL FACTS FOR 219 STATIONS IN THE UNITED STATES. 


The names of the observers, with the dates on which the observations were made, are given 
with the summaries of observations at the gravity stations, on pages 144 to 176. 

Since the preceding report on gravity investigations (Special Publication No. 12, 1912) 94 
stations have been established in the United States. At all of these stations the Mendenhall 
half-second pendulums were used. A description of the apparatus and of the method of 
determining the period of the pendulums is given in Appendix 5, Report for 1901, by G. R. 
Putnam, and in Appendix 1, Report for 1894. Since 1909 the flexure of the pendulum 
case and pier has been determined by means of the interferometer, designed and made by 
E. G. Fischer, chief of the instrument section of the United States Coast and Geodetic Survey. 
This instrument and its use are described by W. H. Burger in Appendix 6 of the Report for 
1910. 

Previous to 1913 the chronometer rates were determined by local observations on the 
stars with a portable astronomical transit. Since that date the rates of the chronometers have 
been determined from time transmitted by noon signals sent from the Naval Observatory at 
Washington over the wires of the Western Union Telegraph Company and the Postal Tele- 
graph Company. As only the rates were required, and not the chronometer corrections, the 
effect of transmission time was eliminated, as it proved to be nearly the same for each day at 
any one station. Before making use of the Naval Observatory time it was carefully tested at 
the base station at the Survey office. It was also tested on the field by reoccupying four 
stations. The tests proved entirely satisfactory, as the results agreed closely with those 
previously obtained when the chronometers were rated by star observations. 

An improvement was made by having a thick felt-and-leather cover for the pendulum case. 
This made the temperature in the case much more uniform, and no doubt added to the accuracy 
of the results. This covering is shown in figures 3 and 4. 
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Special Publication No. 40. 


FIG. 2.—MENDENHALL HALF-SECOND PENDULUMS AS ORIGINALLY CONSTRUCTED WITH KNIFE-EDGE ATTACHED 
TO HEAD OF PENDULUM AND DIVIDED INTO TWO PARTS. 


Special Publication No. 40. 


FIG. 3.—PRESENT PENDULUM APPARATUS SHOWING VERTICAL FORM OF TELESCOPE, ELECTRIC ILLUMINATION 
FOR OBSERVING SLIT, AND THE FELT-AND-LEATHER CASE FOR CONTROLLING THE TEMPERATURE. 


Special Publication No. 40. 


FIG. 4.—FELT-AND-LEATHER CASE FOR TEMPERATURE CONTROL PARTLY REMOVED FROM”“PENDULUM RECEIVER. 
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Another improvement was made by changing the telescope of the flash apparatus to the 
vertical instead of the horizontal position, as formerly, by the use of a prism. (See fig. 3.) 
With the telescope vertical the observer is able to work with greater comfort, as the case is 
always mounted only a few inches above the floor of the room in which observations are made. 

During the work at the 94 recent stations, only one of the six pendulums used gave trouble. 
This was pendulum No. B4. The trouble was eliminated by strengthening the connection 
between the stem and bob by an additional rivet. 

In most cases three pendulums were used at each station. Each pendulum was swung 
for three periods of approximately eight hours each between two consecutive noon time-signals. 
The exceptions to this general rule occurred when in Mr. Powell’s work on the field in the spring 
of 1915 pendulum No. B4 showed great irregularities. He continued that season with the other 
two pendulums of the set. Heswung one of the pendulums for two days, or six periods of eight 
hours each, and the other for three such periods, making nine periods in all, the number ordi- 
narily obtained when using three pendulums. 

The pendulums were standardized at the Coast and Geodetic Survey office at Washington 
between each two seasons. The results of the standardizations are given on page 141. 

Complete computations have been made for 219 gravity stations in the United States by 
three methods of reduction and the results are shown in the following table. 

The theoretical value in dynes of gravity at sea level was computed by Helmert’s formula 
of 1901 for the Potsdam system, namely: 


Yo = 978.030 (1+4+0.005302 sin? ¢—0.000007 sin? 2¢) 


The correction in dynes for clevation of station was computed by the formula — 0.0003086 2H, 
in which H is the elevation in meters. It should be carefully noted that with the sign as 
given this is the reduction from sca level to the station, a correction to the theoretical value not to 
the observed value. This correction takes account of the increased distance of the station from 
the attracting mass, as if the station were in the air and there were no irregularities in the 
earth’s surface (or topography). 

The corrections for topography and compensation by the Hayford method were com- 
puted with the reduction tables shown on pages 30 to 47 of Special Publication No. 10, and 
the resultant effect was applied as a correction to the theoretical value at sea level. 

These corrections are often applied to the observed values and the results are compared 
with the theoretical value of gravity at sea level. The method employed in this publication 
and in Special Publications Nos. 10 and 12 appears to be the more logical one. 

The computed value of gravity, go, at the station 1s the theoretical value of gravity at sea 
level, y., corrected for elevation and for topography and compensation. It is therefore directly 
comparable with g, the observed value of gravity at the station. The column g-g,, therefore, 
represents the departures of the observed values from computed values based upon the Helmert 
formula of 1901, upon the usual reduction for elevation, and upon the Hayford reductions that 
take account of topography and compensation. 

All observed values, g, in the following table depend upon relative determinations with the 
half-second pendulums and are based on 980.112 dynes as the value of gravity at the Coast 
and Geodetic Survey office at Washington. This value depends upon the absolute determina- 
tion of the value of gravity at Potsdam,* Germany, and upon the adjustment of the net of base 
stations throughout the world. (See pp. 25 and 244 of third volume, by Dr. E. Borrass in 
1911, of the Report of the Sixteenth General Conference of the International Geodetic Associ- 
ation at London and Cambridge in 1909.) The observations used in the adjustment to con- 
nect Washington with stations in Europe were made by G. R. Putnam in 1900.? 

o Bestimmung der absoluten Grosse der Schwerkraft zu Potsdam mit Reversionspendeln, von Prof. F. Kiihnen und Prof. Dr. Ph. Furtwingler, 
p. 380. 


b Determination of Relative Value of Gravity in Europe and the United States in 1900, G. R. Putnam, Appendix 5, Coast and Geodetic Survey 
Report, 1901, pp. 354-355. 
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Principal facts for 219 gravity stations in the United States. 


Correc- Com- 
Latitude | Longitude| Eleva- retical: tion iae| lopoma: | eradit ‘wavity, 
ude ude re on for | topogra- | gravity 
Number and name of station tion gravity | eleva- | phy and| atsta- - Sta- -Ge 
tion |compen-| tion on 
¢ py H Yo sation ge 9 
o- .8 a ie Meters | Dynes Dynes Dynes Dynes Dynes. | Dynes 
1. Koy West, Fla..........ccceeeescecccccceeees 24 33.6) 81 48.4 1] 978.922] 0.000| +0.035 | 978.957] 978.970 | +0. 013 
2. West Palm Beach, Fla. .............22..ee ee 26 42.8 RO 02.8 2] 979.073 — .onl + . 081 979.103 | 979.129 | + .026 
3. Punta Gorda, Bla cc cued San sosias Sens od oes 26 56.2 82 03 1] 979. US9 - 000 + .020 | 979.109 | 979.127 | + .018 
4, Apalachivola, Fla vou ose 5 cand seer tdewe sees 29 «43.5 84 58.8 4{ 979.300 | — .001 + .015 | 979.314 | 979.322 | + .008 
§. New Orleans, [as ..05.0 025002 -csscdesceeecacts 29 57.0 90 04.2 2| 979.317 | — .001 + .013 | 979.329 | 979.324 | — .005 
6. Rayville, Ls ceee ccc ease once ewcns wesest 32 28 91 45 26} 979.519) — .008| + .008] 979.519 | 979.543 | + .024 
7 GALS OSUU, TOK 52.2. ncewa ciAG ciate ceases 29 18.2 94 47.5 3 | 979. 267 — .o0l + .007 | 979.273 | 979.272 | — .00l 
8. Point Isabel, Tex. 2.5 anew doscen cde eeeawaae’s 26 04.7 97 12.4 8] 979.028 — .002 + .015 | 979.041 | 979.076 | + .035 
Os Laredo TOX ciecoce bona ets Serie te deere ees 27 30.5 99 31.2 129 |] 979.131 — .040 + .003 79.094 | 979.082 | — .012 
10. Austin, Tox. (capitol) ............ 2. eee eee ees 30 16.5 97 44.3 170 79.343 | — .052| — .003] 979.288] 979. 258 - 000 
11. Austin, Tex. (university) ............-...-.-- 30 17.2 97 44.2 189 | 979.344 | — .058| — .001 | 979.285] 979.283 | — .u02 
12. McAlester, OkIG...... 2 ccc cece cen n een neeeeees 34 56.2 95 46.2 240 | 979.725 | — .074 + .OO1 | 979.652 | 979.633 | — .019 
13. Istttle:- Rioek, ATK ic.essscheseesset secede a uee 34 45.0 92 16.4 89 79. 709 — .027 + .001 979. 683 79.721 | + .038 
14. Columbia Tenn Ee re re ee ee eee 35 36.7 87 02.5 207 79, 783 — .064 + .006 |] 979.725 | 979.759 | + .034 
5, AU a, Gancnoe 50a aa eoeesoeseces eaeeeus 33 45.0] 84 23.3 324 | 979.625 | —.100| + .014| 979.539 | 979.524) — .015 
16. McCormick: 82 Cec siecedet sete en cuseeses 33 «(454.8 82 18.0 163 | 979.89 | — .050] + .012] 979.601 | 979.624 | 4+ .023 
17 (Chiarlestonm: 6) C2cscc iseke teen sceceteencees 32 47.2] 79 56.0 6| 979.545 | —.002] + .016] 979.559 | 979.546 | — .013 
18. Beaulort, N.C... 2... cece eee e ce ee eee eee eee 34 43.1 76 39.8 1 79. 706 -000| + .0386|1 979.742 “9.720 | — .013 
19. Charlottesville, VB. ..c.ccccccceeccceecscneees 33 02.0] 78 30.3 166 | 979.992] —.051] + .002| 979.943 | 979.928 | — .005 
20. Deor Park, Md..........cceeseccceeecceeeeees 39 25.0| 79 19.8 770 | 90.114] —. + .041 | 979.917 | 979.935 | + .018 
21. Washington, D. C. (Coast and Geodetic Sur- 
NEV OMICE) asc scauscusc nuts Ge cow ead 38 53.2| 77 00.5 14| 989.067] — .004| + .004| 980.067 | 980.112 | + .045 
22. Washington, D. C. (Smithsonian Institution). 38 83.3 77 01.5 10 | 980. 067 — .U0083 + .003 | 980.067 | 980.114 | + .047 
23. Boltimore, Mdlss. ccssenene pede ves tec veokan es 39 17.8 76 37.3 30} 980.103 | — .009 | + .006] 950.100] 980.097 | — .003 
24.. Philadelphia, PS sc ss canes ccceek oo eeeencucees 39 «(57.1 75 =#11.7 16 | QXO0. 162 — .005 + .009 | 980.166] 980.196 | + .030 
25. Princeton, Nv bcos su ecac cde sei eegees eet ceu 40 21.0 74 39.5 64 | 980.196 | — .U20] + .013 | 980.189 | 980.178) — .Oll 
96. Hoboken, N.J...ccccecccceececeeeeceecensees 40 44 74 02 11 | 980.232] — .003] + .008] 980.237] 980.269 | + .032 
O27. New York, N. Yic..csccccscccsececccccceeees 40 48.5] 73 57.7 38 | 980.238 | —.012] + .011 | 980.237] 980.267 | + .030 
28. Worcester, MasS........ccccceesecc ces eccewees 42 16.5 71 48.5 170 | 980. 370 — .052 + .O18 | 980.336 | 980.324 | — .012 
29. Bostoniy, Mass. <seasotecasanes veensiie ve asianmas 42 21.6|- 71 03.8 22} 980.377] — .007} + .013 | 980.383 | 980.396 | + .013 
30. Cambridge, Mass ........... eee eee e ecco eeees 42 22.8 71 07.8 14 | 980.379} — .004| + .010 | 980.385 | 980.398 | + .013 
31. Calais, Me...... sie satel aie.cieie eu eae eines ania wie etnc’s 45 11.2 67 18.9 38 | 980. 633 — .012] + .010 | 980.631 | 980. 631 . 000 
2s JUACA UN. Ys Gissens oeceeed os Soeeesc ie sees ce 42 27.1 76 «29.0 247 | 950.386 | — .076} + .005 | 980.315 | 980.300 | — .015 
33. Cleveland, ONI0 scics cc essere esccena cosa eecct 41 30.4 81 36.6 210 | 980. 301 — .065 000 | 950.236 | 980.241 | + .005 
34. Cincinnatl, ONG is ce tiemse Cis eaaetersys odors 39 08.3 84 25.3 245 | 980.089 | — .076 | + .002] 980.015] 980.004 | — .Oll 
35. Terre Haute, Ind. ...........--- cece ccc eee e eee 39 23.7 87 2.8 151 | 980.119) — .047] + .001 | 980.073 | 980.072 | — .001 
36. Chichgo, TW cssacekeee.ies eG sce eS Seite canes oe 41 47.4 87 36.1 182 | 980.326; — .056| + .007 | 980.277] 980.278 | + .O0l 
1 MAISON) WIS sos eee sas cei naise caw stewie cee t: 8 04.6 89 24.0 270) | 980. 442 — .08%3 + .003 | 980.362 | 980.365 | + .003 
39. -8ts LOUIS; MO. sec saess sceess esse sccceadea sexe 38 35.0 90 12.2 154] 980.045 — .048 + .001 | 979.998 | 980.001 | + .003 
39. Kansas City, MO. cei 6 sce seecsiesecaecenceeece. 39 05.8 04 35.4 278 | 980.085 | — .086] — .O0l 79.998 | 979.990 | — .008 
40. Ellsworth, Kans...............- cece cece ween 38 43.7 98 13.5 469 | 980.053 | — .145| — .004] 979.9041 979.926] + .022 
41. Wallace, Kans: oc sc..nneewsicsccSewescnieaes 38 54.7 101 35.4 1005 | 980.060 | — .310 . 000 79.759 | 979.755 | — .004 
42. Colorado Springs, Colo..........---......005- 38 50.7 104 49.0 1841 980. 064 — .58 — .007 979. 489 | 979.490 | + .001 
43. Pikes Peak, Coll... sdcsevicese ess etevsnwcweees 38 60.3 105 02.0 4293 | 980. 063 —1, 325 + .1%7 | 978.925 | 978.954 | + .029 
44. Denver, Clos wae cacsicinnocewiw ene See sdacne ds 39 40.6 104 56.9 1638 | 980. 137 — 505 — .(15 | 979.617 | 979.609 | — .008 
45. Gunnison, Colo. .......-cccccssccsnscccccences 38 32.6] 106 56.0 2340 | 980.037 | — .722| — .001 | 979.314] 979.342] + .028 
46. Grand Junction, Colo............22....e ee eees 39 04.2] 108 33.9 1398 | 980.083 | — .431 — .051 | 979.601 | 979.633 | + .032 
47. Green River, Ctans ccc. sees cce i cversee. 38 59.4 110 00.9 1243 | 980. 076 — .384 — .043 | 979.649 | 979.636 | — .013 
48. Pleasant Valley Junction, Utab.............. 39 50.8] 111 00.8 2191 | 980.152 | — .676] + .024 {1 979.500 | 979.512 | + .012 
49: Salt Lake Cny, Vtahis...csesecsessaeeeewewe x: 40 46.1 lll 63.8 1322 | 980. 234 — .408 — 41 79.785 | 979.803 | + .018 
60. Grand Canyon, Wyo. ..........----cceeeeeee- 44 43.3] 110 20.7 2356 | 980. 591 — .736| + .038 | 979.893 79.899 | + .006 
51. Norris Geyser Basin, Wyo...............-06-- 44 44.2) 110 42.0 2276 | 980.592 { — .702| + .031 | 979.921 | 970.950] + .029 
52. Lower Geyser Basin, Wv0............eeeeee- 44 33.4 110 48.1 2200 | 930. 576 — 679 + .028 79.925 | 979.932 | + .007 
53. Seattle, Wash. (university)............-.-+66- 47 39.6| 122 18.3 58 | 980.856] — .018| —.020| 980.818] 980.733 | — .085 
54. San Francisco, Cal. .....cccceccecscecncccnces 37 «(47.5 122 25.7 114 79. 970 — .@5 + .045 | 979. 980 79.965 | — .015 
55. Mount Hamilton, Cal...........-......000-- 37 «20.4 | 121 38.6 1282 | 979.931 | — .396] + .120] 979.655] 979.660 | + .005 
56. Seattle, Wash. (high school).......-.......... 47 36.5] 122 19.8 741 980.851 | — .023| —.018] 980.810] 980.725 | — .085 
67. Iron River, MICH orca eewsawetawe edocs ceecee ss 46 05.4 88 38.4 458 | 980.714] — .141 + .Q014] 980.587 | 980.633 | + .046 
Die Fly MIND soos cio diac nace wee eae els edioen Sees 47 48.6 92 01.0 448 | 980.870 — .138 + .008 | 980.740, 980.771 | + .081 
69... Pembina, Ns. Dakss os nieces deen d sees awedese 48 58.1 97 14.9 243] 980. 974 — .075 — .009] 980.890 | 980.917 | + .027 
60. Mitchell, 8 Dak... 2.2... . 2 cee ewww c eee e eee 43 41.8 98 01.8 408 | 980. — .126) — .006| 980.366 | 950.375 | + .000 
61. Swoetwater, Tex......... cece eens cee ec neces 32 28.4] 100 24.1 655 | 979.519 | — .202] + .000 | 979.326 | 979.305 | — .021 
02. Kerrville, Tks oc ecsos saa came vewdeieccan st 30 01.3 99 07.6 498 | 979. 323 — .154 + .013 | 979.182 | 979.221 | + .039 
632k VASOs LOX weve ieun, eeincs tea'emeeentuwa nosis 31 46.3 106 29.0 1146 | 979. 462 — 354 + .001 979.109 | 979.124] + .O15 
G4. NOWQIOS, AVID i ieecrvicadsiwaaitnc's wc nce n'a dbeeaidat se 31 (21.3 110 56.6 JIs1 979, 429 — .364 + .0388 | 979.103 | 979.061 | — .042 
65. Yuma, Ariz.........00-- ie eG Rae ee wiew ts 32 43.3] 114 37.0 54 | 979.589 | — .017] —.010} 979.512 | 979.529 | + .017 
66. Compton; Calo oc desks cc seersieesed eiwccesnees 33 53.4] 18 13.2 20 | 979.686} — .006 -000 | 979.680 | 979.588 | — .042 
67. Goldfield, NeV oc. ccc. ccc ee cc cece cece cencces 37 42.2] 117 14.5 1716 | 979. 963 — .529 + .027 | 979.461 | 979.456 | — .005 
68.- Yavapal, ATigs cog ocaac tenvecs cece tSaceede wee 36 03.9} 112 07.1 2179 |} 979. 821 — .672] + .034 | 979.183 | 979.192 | + .009 
69. Grand Canyon, Ariz, .............0. cee eee eee 36 05.3 112 06.8 849 | 979. &23 — .202 — .006 | 979.465 | 979.463 | — .002 
70.: Gallup; Ni MO@X occacctcie Seve sedeesdessdavetes 35 31.8] 108 44.2 1990 |} 979.775 | = .614| + .014 | 979.175 | 979.170 | — .005 
71. Las Vegas, N. Mex.......... 2c ccc ccceceess 35 35.8} 105 12.1 1960 | 979. 781 — .605| + ..017 | 979.193 | 979.204 | + .O11 
2 SODIMPOCK oT Xas. ok <d-oiewsee heaeesdseceses eas 35 12.8}; 100 11.4 7OS | 979. 748 — .218 + .0Uu7 | 979.537 | 979.577 | + .040 
73 Denson VOX. c:5) uae watieiw ad dxaewewntendee ses 33 45.3 96 32.8 230 | 979.625 — .071 — .QOl 79. 553 79. 566 | + .013 
74. Minneapolis, Minn... 2.0... eee ee eee eee 44 58.7 93 13.9 256 | 980. 614 — .079 — .005 |] 980.530 | 980.597 | + .067 
PS0bs bea 8. Gk aioe cetera eee ie taka cakes dae’ 44 21.1] 103 45.6 1690 | 980.557 |] — .491 | + .044] 980.110] 980.170 | + .060 
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Number and name of station 


Latitude 


e c 
76. Bismarck, N. Dak............. 22. c cece cece 46 48.5 
77. Hinsdale, Mont....... 00. cc cee ccc eee eens 48 23.8 
78. Sandpoint, [dahOs..c0.ceesccdecenasceceeees 48 16.4 
19: BUISE, ACA Oi oie is cies kM aces Move wanes es aoees 43 37.2 
$O. ASLUTIA, OF eg. 0.2... eee c cece cece eee eeeec cece 46 11.3 
SL; SISSON Coli .teet clos cance cha sbeweaweens 41 18.3 
82. Rock Springs, Wy0............ec cece cece eee 41 35.1 
83. PAStOn: NODE ..6 oi os teancanke-cagueees sea 41 07.4 
$4. Washington, D.C. (Bureau of Standards)...) 38 56.3 
85. North Hero, Vt........ es eee cere eee widaiavan Gis 44° 49.1 
86. Lake Placid, N. Y............ cece ee eeceeees 44 17.5 
87, Potsdamly Nu Vecisesvconeen causes stsaacsaks 44 40.1 
SS. Wilson, No Y ccincascevcewesdtckwees Saud meene 43 1s. 4 
80 Al pena, MICK coos cones id bao sae eeu eeeross 45 03.8 
90. Virginia Beach, Va............. cece e ee oees 36 50.5 
Ot. Durham. N: Cicc0i se cacy pbs taavedaeeeees 36 00.2 
Q2. Fernandita,: Plac..s.ss0ec ess des cebcenadunes 30 40.2 
Os WINNER Ala: co:c.c08 Oh. see ch aiasiews eee ease et 30 49.2 
G4 A LICOV INO. A Oy: cece weaeen ounces eu vinaa sue 33 07.6 
95. Now Madrid, Mo. ........ cee cece e eee e eee 36 35.5 
06: Man, ATK oecee sts seas ened uoan tas rewaesoes 34 35.2 
97. Nacogdoches, TeX ........... eee cece eee cees 31 38.2 
OS.“ ATPING, TOR oes veces cecaee teense weed weunes 30) 21.5 
99): - Purwell TeX .400deecesevadesteneebwisiesate ss 34 23.2 
100. Guymon, Okla. ...... econ eee ee eee eee eeee 36 40.7 
101. Helenwood, Tenn. .......... cee eee e eee eeees 36 25.9 
102. Cloudland, Tenn. .............. cc eee eee eeees 36 06.2 
1035 -Huehes, Ten ices sotvcecccs oose acne a dseeisas 36 08.5 
104. Charleston, W. V8..... cc. ccc eee cece ewes 38 20.9 
105. State College, Pa... eee eee e ween eee 40 47.9 
106. Fort Kent, Me......ccccccccccscceccccscceees 47 14.9 
107. Prentice, Wis..........cccsccccececesececeees 45 32.6 
108. Fergus Falls, Minn...... 0.2... . cece eee eee 46 17.2 
109. Sheridan, Wy0......... cece wee cee e eee eeeee 44 48.0 
HO; Boulder, Mont sess ica ieee cdscecsecaivocies 46 14.2 
111. Skykomish, Wash............-0-0ceeeeeecees 47 42.4 
112. Olympia, Wash .........ccccceeccescsncenees 47 03.4 
113. Heppner, Oreg...... ie wewest ne caaen eee es 45 21.4 
L1G Druck G0; Cal vic vied etvesisie wea vad ieelet-e besa 39 19.6 
115. Winnemucca, Nev...........2....eeeeeeceeee 40 53.4 
MEG OLY NOW oe avecs custevareaueekaeulasaeskesetss 39 14.9 
117. Guernsey, WY0.. 2.2.2... cece cc wwe cee ee eee 42 16.1 
11S. PiGtT6, 3. Dak. cues rnsww asec acewa wee wake 44 21.9 
119. Fort Dodge, lowa.......-...-ccsscceceeeeee. 42 30.8 
120. Keithsburg, Ill. ........ ccc esce ce cccncnccces 41 06.4 
121. Grand Rapids, Mich.................. 20.00 ee 42 58.0 
V22 AN POIB, ING 5. nod oso obi sane ead note des wowice es jaa 41 37.7 
W282 AlDONy Na Y cj icswoeecs ean ad ekreteceaduatesus 42 39.1 
124) POELJOIVIG Ne Voces pcuwentwdns siden vesteess 41 22.4 
125. Atlantic City, N. J... ....cccececcecccccccece 39 21.9 
126. Bridgehampton, N. Y...............00000005 40 66.0 
127 Chatham, - Mass. oy. oscs.cvcenune sau aiwannGuees 41 40.7 
12k, Rockland, Me..........sccssecscesesececeees 44 06.3 
129; LanenSter, N.. FA vs.i'scccs ess vec 0dsiveadn even svn 44 29.5 
130. Whitehall, N. Y........ ccc ee cece ence eens 43 33.0 
131, Little Falls, Ny Y vc cecivcvsewietwcvactanee es 43 02.7 
132. Watertown, N. Yi. cc... cece cece ccc ccccececs 43 58.3 
133. Southport, N. Y......scscceccsscseccececccee 42 03.7 
NOt EO Pai rc detcne seb chu vac icwsewunuea wean es 42 07.8 
135. Parkersburg, W. Va...............ceeceeeees 39 16.0 
136. Columbus, Ohio. ........... 2.2 cece ee ec eee 39 57.8 
137. Indianapolis, Ind........ 0. cece cece cece cence 39 45.9 
138. Springfield, {M.w.........cc00csecsecceceeece. 39 47.7 
149. Lebanon, M0.......c.. cece ec ccececcecccccecs 37 41.1 
140. Joplin, MO......... 2. ec cece cece ence cc cecee 37 «05.4 
141. Fort Smith, Ark...........0........2000.005. 35 23.3 
142. Texarkuna, Ark .........c.c cece cen ccceccccee 33 25.5 
143. Hot Springs, Ark... 00.0... co cece c ec eee e eee 34 30.1 
144. Alexandria, UO. 0.5 cceene sadness Saessuswsases 31 18.6 
145. Laurel, Miss...... 0... 0.2 c eee cence eee ceeee 31 41.5 
146. Richmond, Va ............ccccecececcececces 37 32.2 
147, Emporia, Va... ..... cece ccc cece cececcccecs 36 40.2 
148. Greenville, OR ete are ten eam 35 36.8 
149. Wilmington, N.C... occ c cece cece 34 14.2 
150. Cheraw, 8.C@.............. cbamehuctness suse 34 42.0 
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Latitude | Longitude | El€¥8 | retical | tion for | topogra-| gravity | ST@vity 


Number and name of station tion gravity | eleva- | phy and| at sta- as = 0-Ge 
tion compen- tion 
é X H Yo sation Je g 

ve uk © ole Meters | Dynes Dynes Dynes Dynes Dynes | Dynes 
151. Charlotte, N.C........ ccc ccc ccc ccceccccceees 35 13.8] 80 50.8 28 | 979.749 | —0.070| +0.015 694. | 979.727 | +0.033 
152. Asheville, N. Co... .cc cece ccc cece cceeececces 35 35.9| 82 33.3 670 | 979.781 | — .207] + .026] 979.6001 979.603 | + .003 
153. Cleveland, Tenn.........0..ccccececccceeeecs 35 09.4] 84 52.9 263 | 979.743 | — .081| + .002] 979.664 | 979.649 | — .015 
154. Winston-Salem, N.C................020200-- 36 06.1 80 17 284 | 979.824] —. + .012 | 979.748 | 979.718 | — .030 
155. Knoxville, Tenn. ..........-..202cececeeeeee 35 57.7| 83 55 280 | 979.812} — .086| — .001 | 979.725 | 979.712] — .013 
156. Bristol, Va.......20...cccceeccccccnecccceces 36 35.4] 82 12 514| 979.866] — .159| + .012] 979.719 | 979.712} — .007 
157. [fomestead, Fla........--...cccccccccceeeess 25 28.4| 80 28.9 4| 978.985] —.001| + .029| 979.013 | 978.985 | — .028 
158. Sebring, Fla... 2... .0ccccc cece eee eceeceeeces 27 30.2| 81 27 34| 979.131} —.010| + .023] 979.144] 979.135 | — .009 
159. Titusville, Fla...........-c.cececeeecccecces 28 36.7| 80 48.4 3| 979.214] —.001] + .023| 979.236 | 979.243 | + .007 
160. Leesburg, Fla........-22-20ceceecceececeeess 28 48.6| 81 83 30 | 979.220) — .009| + .021 | 979.241 | 979.235 | — .006 
161. Cedar Keys, Fla............022cccccccccecees 29 08.3| 83 02.1 2| 979.255] —.001| + .016| 979.270] 979,257 | — .013 
WG2. Macon, Gaseccsscccoccccsccaccaccccseccosees 32 49.8| 83 38 99| 970.519] — 031] + 979.525 | 979.552 | + .027 
163, Albany, Ga........-.cccccccccccecccccceeees 31 34.3| 84 09 58 | 979.446| — .018| + .011 | 979.439 | 979.449 | + .o10 
64. Pensacola, Fla... ....20-.cccccceeccccceeeees 30 24.5| 87 12.9 2{ 979.353} — .001 | + .014] 979.30) 1 979.360 | — .006 
165. Opelika, Ala..........0-cceccceccccecceeees 32 38.5] 85 22.8 245 | 979.533 | — .076| + .017| 979.474| 979.456! — .018 
166. Huntsville, Ala..........2...0-eeseeeececees 34 43.8| 86 35.2 200 | 979.707 | — .062] + .003] 979.648] 979.433 | — .015 
167. Arkansas City, Ark. ....-.......ccccecceeeee 33 36.5| 91 12.2 44| 979.613 | —.014| + .005] 979.604 | 979.600 | — .004 
168. Memphis, Tenn................ 00 cece ee eee 35 08.8 90 03.3 RO} 979.742 | — .025 | + .002 |] 979.719 | 979.740 | + .021 
169. Mammoth Spring, ATK vac sccecpalekacwencss 36 29.3 91 27 156 | 979.857 | — .048 | — .002] 979.807] 979.828 | + .021 
170. Hopkinsville, Ky...........---.000eeeeeeee- 36 51.6] 87 28 176 | 979.889 | — .054| + .006| 979.841 | 979.855 | + .014 
171. Danville, Ky........0...ccccceeeeccecceeeess 37 3%.9| 84 46.4 300 | 979.958 | — .093| + .011 | 979.876 | 979.855! — .021 
172. Clifton Forge, Va.......-........eee eee eee 37 49.11 79 49.6 325 | 979.973 | —.100} — .003| 979.8701 979.844 | — .026 
173. Greenville, Ala...............:e-eseeeeeeee 31 49.4] 86 38 130 | 979.466] — .040] + .016] 979.442 | 979.439 | — .003 
174. Birmingham, Als...................cee-0e 33 30.8] 86 4.8 179 | 979.605 | ~— .055] + .011 | 979.561 | 979.536 | — .025 
175. Lexington, Va........-.0--cccceccecceeeeees 37 47.2| 79 26.6 324 | 979.070} —.100| + .005) 979.875 | 979.859| — .016 
176. Prestonsburg, Ky ...........ceccecececceceee 37 40.6 | 82 45.6 193 | 979.961 | — .060| — .004] 979.897 979.R81 | — .016 
177. Traverse City, Mich................sss000e-- 44 45.8| 8&5 37.2 180 | 980.595 | — .056 | + .002] 980.541 | 980.550} + .009 
178. Seney, Mich .................0eccccecceeeeeee 46 20.8] 85 57.6 23 | 980.738 | — .069] + .007] 980.676 | 950.685 | + 1009 
179. Oconto, Wis... ... ce cce cece cence eee cee 44 53.2] 87 52.0 181 | 080.006] — .056} — .001] 980.549 | 980.532 | — .017 
180. Grand Rapids, Wis.............-....s2+.00- 44 23.6| 89 46 306 | 980.561] — .094| + .005] 980.472] 980.438 | — .034 
181. Winona, Minn............02..-cccceececcees 44 03.2] 91 38.4 201 | 980.530 | — .062] — .006| 980.462] 980.485 | + .023 
182. Baldwin, Wis.........2...cceceecccecececeee 44 57.8| 92 23 342 | 980.613 | — .106{ + .006] 980.513 | 980.471 | — .042 
143. Cumberland, Wis... .......2.-.cccceeeeccee- 45 32.4| 92 00 380 | 980.665} —.117| + .008| 980.556 | 980.515 | — .041 
184. Cambridge, Minn.............-.cccseececeeee 45 34.0] 93 11 303 | 9x0.667| — .004| + .002] 980.575 | 980.556 | — .019 
185. Brainerd, Minn..............-cceecececeeees 46 21.3] 94 12.1 367 | 980.739| —.113| + .003| 980.620} 980.649 | + .020 
186. Aberdeen, 8. Dak..............cccccceeeeee: 45 27.5| 98 29.0 396 | 980.657] — .122] — .005| 980.530 | 980.550} + .020 
187. Faith, 8. Dak...................ccsceeeceeee 45 01.3} 102 04 786 | 980.618] — .243] + .006| 980.381 | 980.404 | + .023 
188. Marmarth, N. Dak...........0020-scccceeeee 46 18.4] 103 53 | 980.734] — .254] — .002 | 980.478} 980.521 | + .043 
189. Towner, N. Dak... 0. .cccsccccccceccccceeess 48 20.31 100 26 451 | 90.917 | — .139 | — .004 | 980.774] 980.814] 4 .040 
190. Crosby, N. Dak.....--.ccccccceececececeeees 48 54.7| 103 19 59s | 980.969} — .185] + .001 | 980.785] 980.810 | + .025 
191. Crookston, Minn.............cceeeecccceeees 47 46.2| 96 36 20) | 920.866} — .080| — .006] 980.780] 920.799 | + .019 
192. Poplar, Mont.........00-cecccccececcccceeess 48 06.8] 105 12 608 | 9xo.897 | — 188] — .009] 980.700] 980.727 | 4 .027 
193. Miles City, Mont...............0-000eeeeeee- 4624.2] 105 50 718 | 980.743 | — .222/ — .020] 980.501 | 980.539 | + .038 
194, Huntley, Mont........0.0-.ececceecccececees 45 54.01 108 19.6 919 | 980.697] — .284] — .022| 9su.391 | 980.410 | + .019 
195. Lander, Wy0e.. occ seas ccevewscsvesscedner ss 42 50.0! 108 43 1635 | 980.420} — .505| — .028| 979.487 | 979.914 | + .027 
196. Fairbault, Minn............002-ecececeeeeeee 44 17.8| 93 15 301 | 920.553 | — .093 .000 | 980.460 | 980.504] + .044 
197. St. James, Minn...........ccsccececccccceeee 43 58.6| 94 36 330 | 980.523 | — .102| + .002] 980.423 | 980.437 | 4+ .014 
198. Edgemont, S. Dak........0-secccccecececeee 43 17.7 | 103 49.2 1086 | 980.462] — .329} — .012| 9x0.121 | 980.183 | + .082 
199. Dawson, Minn.......00.0000cccece cece ee eeee 44 55.8! 96 O1 323} 980.610 | — .100] — .003]} 90.507] 980.532 | + .025 
200. Cokato, Minn... ....cc cc cccec eee ccceeeeceees 45 04.5| 94 12 319 | 980.623 | — .098| + .003] 980.528] 950.542 | + .014 
“201. Wasta, 8. Dak. ..........20cccceceecnecceees 44 04.2| 102 25 706 | 980.532 | — .218/ — .013] 980.301 | 980.330 | + .038 
~202. Moorcroft, WYO... 2... ccc ccc ccccccceccceeces 44 15.5 | 104 58 1295 | 980.549] —.400] +. 980.154 | 980.183 | + .029 
903. Duluth, Minth.............cceeeececececeeeee 46 47.0| 92 06.4 216 | 980.777] — .067| — .010] 9x0. 700 | 980.758 | + .058 
204, Osave, loWa......-.0c0cecccccceccccscerececs 43 16.8| 92 47 356 | 9x0.400 | —.110] + .007| 9x0.357 | 980.339 | — .O18 
205. Randolph, Nebr..........0.ccceceeceeseseees 42 23.0] 97 19 515 | 980.380 | —.159|] +. 980.226 | 980.236 | + .010 

0G. Valentine, Nebr........-.-.ccccccceececccees 42 52.3] 100 31 785 | 980.423 | — .242| + .004] 980.185] 980.211 | +. 
207. Wheeling, W. V8....-.----.seeccececcceeeee 40 04.0] 80 43.4 205 | 980.172] — .063 | — .003] 980.106 | 980.085 | — .02 
208s LOO TOW OG esas. nk. veceetawse deers emeneenons 40 44.6 93 43 344] 980.232] — .106] + .007 | 980.133 | 980.133 . 000 
209. Laurel, Md.....ccccceccccececccccccacccccees 39 06.3| 76 51.0 54 | 980.086 | — .017} + .007| 980.076} 980.118 | + .042 
210. Harrisburg, Pa.........-ceceeeesescecccceees 40 16.0| 76 53.1 104 | 980.190] — .032] +. 98. 160 | 980.139 | — .021 
Q11. Pittsburg, Pa. .........-.seecceccocececeeees 40 27.4] 80 00.6 235 | 980.206] — .073 .000 | 980.133 | 980.118 | — .018 
212. Rockville, Md.......-ceceeceeccccccccccecess 39 04.9| 77 O8.8 129 | 9x0.084 | —.040] + .013| 980.057] 980.111 | + .054 
213. Upper Marlboro, Md.........ccccceeeseeeeee 38 49.0] 76 45.2 12} 980.061 | — .004| + .007] 980.064] 90.085 | + 021 
214. Fairfax, Vo........20ececccecees oe eto 38 47.7) 77 19.6 115 | 980.059 | — .035] + .011 | 980.035 | 980.079 | + .044 
215. Crisiicld, Md.........cs-cscecceeeccee incall 37 68.8| 75 50.7 1 | 979. 987 .000] + .019]} 98u.006| 979.985 | — .021 
216. Fredericksburg, V8..........--..esececeeeees 38 18.1] 77 27.5 16] 980.015! — .005} + .004]| 980.014] 980.0271 + .013 
217, Dover, Del..........ccccecccccccecccceceees 39 09.7] 75 32.0 12} gso.092| — .004] + .013 | 90.101 | 980.099 | — .002 
218. North Tamarack, Mich..........--0...0000-- 47 15.8| 88 27.6 370 | 980.821} —.114| + .020| 980.727] 980.766 | + .039 
219. Hagerstown, Md...........escccccce eee eeeee 39 38.5| 77 43.5 166 | 980.134 | —.051] + .006] 980.089} 930.048 | — .041 


INVESTIGATIONS OF GRAVITY AND ISOSTASY. 53 
GRAVITY FORMULA OF 1912. 


In Special Publication No. 12 a new formula was derived which it was believed more nearly 
represented the conditions in the United States than did the Helmert formula of 1901. The 
new formula was found to be 


Yo = 978.038 (1 + 0.005304 sin? ¢— 0.000007 sin? 2 ¢) 


(See p. 25, Special Publication No. 12.) 
The formula advocated by the writer in that publication was the above formula modified 
by making the second term 0.005302, the same value as in Helmert’s formula. The adopted 


1912 formula is then 
Vo = 978.038 (1+ 0.005302 sin? ¢— 0.000007 sin? 2 ¢) 


The investigations made in 1912 were based upon the values of gravity in the United States 
computed by this formula. 

In the preceding table the mean value of g-g, is + 0.005 dyne and the probable error of asingle 
value is +0.016 dyne. The residuals for the two Scattle stations (Nos. 53 and 56) are each 
— 0.085 dyne, which is more than five times the probable error of a single value. This evi- 
dently indicates a very abnormal condition in the earth’s crust near Seattle, and, it is believed, 
these two values should not be considered in taking means for the purpose of correcting the 
Helmert formula. 

After rejecting the Seattle stations, the mean with regard to sign of g-g, is + 0.0064 0.0011 
dyne. As this is more than five times its own probable error, it is believed it represents a 
real error in the first term of the Helmert formula. In 1912 the mean value of g-g,, after 
rejecting Seattle, was +0.008 dyne. This was the value also found by a least square solution. 
As the 1912 formula would be modified by only 0.002 dyne if the mean from the above table 
were applied as a correction to the Helmert formula, it was thought better not to change from 
the 1912 value. 

Later on in this volume (pp. 122 to 129) there are given various gravity formulas derived 
from stations in the United States and other countries from several groupings and upon 
different assumptions. 

The 1912 anomalies used frequently in this volume were computed by the 1912 formula 
which is given above, the depth of compensation being 113.7 km. 

The 1916 anomalies were computed by the 1916 formula for the United States and with 
a depth of 60 km. This formula is shown on page 123. For convenience it is inserted below. 

Formula of 1916: 


Yo = 978.040 (1 + 0.005302 sin? ¢— 0.000007 sin? 2 ¢) 


A plus sign of an anomaly means that at the station in question the observed intensity of 
pravity is in excess of that which would occur if the assumed conditions were true as to densi- 
tics of the topography, and if the compensation were complete, uniformly distributed to the 
depth of compensation, and directly under the topographic features. If the anomaly is 
negative, the observed gravity is less than it would be if the ideal conditions obtained. A 
part of the anomaly is due to errors in the assumed densities, to departures from the depth of 
compensation with which the effect of the compensation is computed, and to erroneous values 
for the terms in the gravity formula. Errors in the assumed elevation of the station and in 
the contour maps used to compute the corrections for topography and isostatic compensation 
also cause a small part of the anomaly, as do also errors in the observations to determine the 
periods of the pendulums, and slight changes in the pendulums between standardizations. 

An elaborate discussion of the various sources of error is given on pages 86 to 96 of Special 
Publication No. 10. It is shown that the average probable error of a computed value of 
gravity is +0.003 dyne. It is not believed to be necessary to repeat that discussion of errors 
inthis volume. The only modification of the statements made in Special Publication No. 10 that 
seems to be needed is discussed in connection with the correction for elevation, pages 93-96. 
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PRINCIPAL FACTS FOR 42 STATIONS IN CANADA. 


The Geodetic Survey of Canada has recently been actively engaged in establishing gravity 
stations within its area, and in response to a request from the Superintendent of the United 
States Coast and Geodetic Survey the Director of the Canadian Survey generously placed at 
the author’s disposal the unpublished data regarding the 42 Canadian stations. These data 
are given in the following table. They are used in computing gravity formulas (sce pp. 113 to 
131) and in the gravity anomaly maps (fig. 11, in the pocket at the end of the volume) and in 
a study of the relations between the anomalies and the geologic formation. 

The observations and the reduction for topography and isostatic compensation were made 
by F. A. McDiarmid, of the Geodetic Survey of Canada. 

The observed values are on the Potsdam system, and the computed values are based 
upon Helmert’s formula of 1901 and the gravity reduction tables given on pages 30 to 47 of 
Special Publication No. 10. The data are therefore similar to those for the United States 
stations given on pages 50-52 of this volume. 


Principal facts for 42 stations in Canada. 


Theoret Correc- | tion for 
; Latitude { Longitude |Elevation) — cal tion for | topogra- , Hayford 
Number and name of station Bravity | eleva. phy and tsta. | 3. 9—Ge Janomaly, 
tion | compen- j 912 
) Xr H Ye station 
ae ere hm 2a| Meters Dynes Dynes Dynes Dynes Dynes 

LS OUGWGsesweselvenceeoeseeereses 45 2B 39 § 02 52 S31 980. 651 —0. 026 0. 000 —(). 010 —(0.018 
2, Maniwakl.. sseecedecdesdasceseis 46 22 2s § 03 55 169 | 9NO. 740 — .052 — .On1 — .002 — .010 
Se WIN GSO is oS ike owade aw ener 44 14 37 § 05 55 79 | ON). 547 — .024 + .QUS — .04 — .012 
4. RODCtVAl gs coeid eed ceeseskee ewe es $8 30 4 448 5H 107 | = 9*0. 933 — .033 — .015 —-. — .O028 
5 OUSSICY a cesta. Soest oorce uses 48 OS 25 4 38 52 12; 980.900; — .004/ — .004 +. + .001 
6; Portneul. cicc5scccceeigedaiesewnd 46 42 32 447 35 59 | 980.770} — .018; + .005 +. — .005 
7.. Bt. JOLOMGs oes ends coe chess ae 45 46 34 4 56 00 107 | 9S0. 686 — .083 + .006 +. + .Ol1 
8. Ste. Anne de Bellevue........... 45 24 27 4 55 46 34] 980.653} — .010| + .008 +. + .006 
Oe Mattawan: cicceecscee cece todas 46 18 43 5 14 49 17 9X0. 734] — .052] — .013 _-, — ,030 
10. Liskeard ....0s:c0ssneess ses cincdnnn 47 30 34 § 18 41 194 | 950. 843 — .000| — .00H4 + — .002 
ll, Cochrane... oic.cccceaeisen sesews 49 03 44 5 24 05 | 277 | 980.983 | — .085; — .0M4 _ — .022 
12. Sault Ste. Marie. ..............-- 46 30 26 § 37 18 186 | 980.752 | — .057 |] — .005 _ — .021 
13. Chapleau............ cece eee eens 47 50 27 5 33 37 430 | 980.872] — .133] + .012 + + .004 
145 POrt ATH ic ea aencuueeeesnceas 48 26 00 5 56 52 189 | 9N). 926 — .058 — .014 — — .045 
15. Kose POM 22 c sss edacawieceues 45 19 02 5 20 10 183] QSO. 644 — .056/ + .001 + + .006 
1G. WHMCDY ecco ceterstcuee vedicse tees 43 §2 43 5 15 46 R4 | 980. 514 — .026 . 004 —. — .034 
17. Woodstock, Ontario. ............ 43 08 33 § 23 08 | 209 | ON). 448 — .093 — .002 —. =— .012 
1S. WINGSOP 6 ch se cel aws Ohi 8 42 19 16 § 32 10 178 | 9S0. 373 — .055 - 000 +. + .012 
10 6¢ DON sai csaaiietenexesonida ce 45 16 08 4 24 20 33 | 9N0.040[ — .010) + .016 + + .006 
QO; MONClON: 63 esscisasin ee wiwss dans 46 05 O41 4 19 09 14} Osu. 713 — .001 + .O14 +. — .006 
21. Charlottetown. .............2060- 46 13 55 4 12 30 8 | 980.727); — .002! + .013 -. — .016 
22.o OV INCY ass nc dR Se Latadaidswesgeeees 48 OS 21 4 47 12| 0.719: — .004° + .014 -. — .009 
2d TCU sek ovie tec kk oda eae ee Se 45 21 40 4 13 06 18 90. 649 — .006 + .014 +. — .006 
24 AMAR cn ok heehee debe trewand 44 40 47 41415 9} SO. 587 — .003 + . 008 _ — .029 
25... YarMouth soc se Genes ecewedas 43 50 07 4 24 29 9/ 980.510) — .008 + 014 +. + .011 
2%. Woodstock, New Brunswick..... 460902] 43018 56} 99.720, —.017; + .008 - — .023 
7, Fdmumdston...........26000000- 72211| 423.18 148] 980.830; — 1046) — lo10 = — ion 
28. DALNUISG. soca cee n eee aac 47 37 10 4 22 36 5} 980.553 =— .002 ~ 000 _ — .026 
20. POCO 225 Se wee ee eaties be wee ee ack 48 31 33 4 16 Sl 6] 9S0. 935 — .002 — .002 + + .008 
90; ONOLA 2 civicecs ace sien belecdaweee ets 49 46 00 6 18 00 330} 981.046, — .102; + .018 + + .001 
Ol. WIND Pe Roose ccc easasewseccosstens 49 4 B 6 28 32 21} 981.057! — .O71 | + .002 -. — .009 
B22 RAN Ol zoe Sie need tee ee 49 50 54 6 39 47 366 | OST. 053 —~— .113 — .02 +. + .007 
Obs NOOSE J OW oo oases tea eee yiteds &) 23 26 7 02 07 541 9X1. 101 — .167 | + .003 = aoe — .5 
34. Medicine Hat.................... 5D 02 25 7 22 40 OH] OST. O7 — .M5} — .002 +. — .006 
do. COlPary 5 ccus ciceveckdaurdossesaes 51 02 43 7 36 15 1044 | 981.160; — .3822} — .022 +. — .004 
OO. DAN sseucetihund sah apeneseeaens 51 10 B 7 42:18 1376 | @81.172 | — .425| — .012 +. + .007 
SFOS oo (a) (cre hnteranar engine rere nnn Sem nU Ena ROPMRE SE 51 23 42 7 45 59 1239 | QS1. 190 — .382 — 069 —., — .i1 
38. Revelstoke... os .cce ceewseeceecs 50 59 48 7 52 47 453 OX1. 155 — .140 =— .0s) —. =— .043 
OO: KOMUOODS esas wa dsaducs penw'atebe ae 50 40 42 8 O1 18 352 | OSI. 127 — .109; — .07 -. — .009 
40. North Bend...............--208- 49 52 17 8 05 48 152] 981.055 — .O47 — .122 : — .008 
4h GIaCIOl eke Sue cane eeeiied AG ee cawed 51 15 44 7 49 58 1248 | 981.179] — .385 | — . 066 + + . 002 
42. VaANCOUVES..... cece ccceeeeneeeess 49 16 49 8 12 27 6| 951.002; — .002} — .046 _ — .016 
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PRINCIPAL FACTS FOR 78 STATIONS IN INDIA. 


In the office of the Survey of India the Hayford reductions have been made for 73 stations 
in that country. The data regarding them are published in a report of the Survey of India, title 
of which is given in a footnote on page 45. 

The corrections for elevations as given in the Indian report were computed by the formula: 


Correction for elevation = — og 


in which a mean value of the radius of the earth, R, is taken as 20,900,000 feet. 7 is the elcva- 
tion of the station in feet. These corrections are given in the column headed “Correction for 
elevation, Indian,” in the table following. In the column headed ‘Correction for elevation, 
U.S.C. & G.S.” are given the corrections computed by the formula: 


Correction for elevation = —0.0003086 


in which /Z is the elevation of the station in meters. The maximum difference is 0.006 dyne at 
station No. 95, Sandakphu. The results by the second formula have been used in the discus- 
sions in this volume, as this formula is somewhat more accurate in theory.* 

The reductions for topography and compensation were computed in much the same way 
as is done by the United States Coast and Geodetic Survey. For zones 18 to 1 the methods and 
constants are identical. For the inner zones which are lettered from A to O a slightly different 
gravitation constant was used. It 1s 657x107!° for C. G. S. units, while the one used by the 
United States Coast and Geodetic Survey is 667.3 x 107°. The depth of compensation used is 
70 miles, 112.65 km., instead of 113.7 km. The compensation was distributed from sea level 
instead of from the surface of the earth. For ocean areas the Indian Survey distributed the 
compensation from the bottom to a depth of 70 miles (112.65 km.) below the surface of the 
water, while the United States Coast and Geodetic Survey distributes the compensation from 
the ocean bottom to a depth of 113.7 km. below the ocean bottom. 

These changes in the method of computing the topography and the compensation do not 
make any differences which need be considered in our discussions. We may consider the India 
data similar to those which we have for the United States, Canada, and Europe, all of which 
are based upon identical methods and constants. 

In the fourth column from the last in the following table are given the gravity anomalies 
based upon the Hayford reduction and the Helmert formula of 1901 with 978.030 as the first 
term and with the Indian corrections for elevation of station. In next to the last column are 
given the anomalies which are similar in every way to those just mentioned except that the 
United States correction for elevation is applied instead of the Indian correction. The theoretical 
values of gravity at sea level as computed with the Helmert formula are given in the fifth column. 

The observed values given in the following table are based upon the value of 979.063 dynes 
for Dehra Dun. The value of gravity at that station as given in the latest report of the Inter- 
national Geodetic Association is 979.065 dynes. 


a“Ueber die Reduction der auf der physischen Erdoberfliche beobachteten Schweresbeschleunigungen suf ein gemeinsames Niveau”? by 
Helmert, Sitzungsberichte der Kéniglich Preussischen Akademie der Wissenschaften, volumes for 1902, p. 843, and 1903, p. 650. 
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Number and name of | Latitude | Longitude 


station 
> 

eo? os 
Ty AGTBs eo sseceeceisse 27 10 20 
2. | ae 27 53 32 
8. Allahabad......... 25 25 55 
4. Amgaon........... 21 21 31 
5. Amraoti............| 20 55 50 
G. Arrah..c..<.0.2...5 25 34 10 
8. Asigarh............ 21 28 10 
9. B Moi cscceuscess 21 54 10 
12. Bhopal.............| 23 15 58 
13. Bilaspur........... 22 03 53 
14. Bina............... 24 10 41 
15. Buxar.............- 25 34 42 
16, Chatra............. 24 12 40 
17. Colaba............. 18 53 45 
18. Cuttack............ 20 29 05 
19. Daltonganj.........]| 24 02 05 
20. Damoh............ 23 49 54 
22. Dehra Dun........ 30 19 29 
24. Dholpur........... 26 42 01 
26. Eliichpur.......... 21 18 20 
20. Gaya........ 24 47 42 
30. Gesupur........... 28 33 02 
81. Goona............. 24 38 48 
32. Gorakhpur.........| 26 44 58 
83. Gwalior............ 26 13 57 
85. Hathras........... 27 36 52 
37. Hoshangabad...... 22 45 00 
38. Jacobabad......... 28 16 34 
89. Jalgaon............ 21 00 00 
40. Jalpaiguri.......... 26 31 16 
41. Japla.............. 24 31 58 
42. becigeerucces 25 27 02 
43. Jubbulpore........ 23 08 54 
44. Kaliana............ 29 30 55 
45. Kalianpur......... 24 07 11 
48. Katni.............. 23 50 25 
50. Khandwa.......... 21 49 30 
51. Khurja............ 28 14 19 
52. Kisnapur.......... 25 02 26 
55. Lalitpur........... 24 41 29 
58. Madras............ 13 04 08 
59. Maihar............. 24 15 38 
60. Majhauli Raj.... 26 17 46 
65. Mhow.............. 22 33 10 
66. Mian Mir.......... 31 31 37 
67. Moghal Saraf....... 25 17 03 
70. Monghyr........... | 25 22 63 
71. Montgomery....... | 30 39 47 
72. Mortakka.......... 22 13 20 
73. Mukhtiara......... 22 23 40 

75. Mussoorie (Camel’s 
Baek) 2356 0c sc,- 30 27 35 
77. Muttra............. 27 28 25 
78. Muzaffarpur....... 26 07 05 
82. Ootacamund....... 11 24 37 
83. Pathankot......... 32 16 33 
84. Pendra............ 22 46 41 
$87. Quetta............. 30 12 15 
88. Raipur............. | 21 13 56 
89. Rajpur............. ' 30 24 12 
91. Ranchi............ 23 23 05 
93. Roorkee........ 29 52 20 
94. Salem............. 11 40 05 
95. Sandakphu........ 27 06 06 
06. Sasaram........... 24 57 21 
97. Saugor............. 23 51 47 
98. Seonf.............. 22 05 29 
99. Shahpur........... 22 11 30 
100. SIDE. 5 osc ccc 29 32 46 
101. Siliguri............ 26 41 47 
103. Sipri............... 25 25 52 
106. Ujjain........ 23 11 00 
107. Umaria............ 23 31 37 
108. Yercaud........... 11 46 56 
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Principal facts for 78 stations in India. 


Eleva- 
tion 


Com- 


Je 


puted 
gravity at 
atin | station 


(Ihdtan) 


U. S. COAST AND GEODETIC SURVEY SPECIAL PUBLICATION NO. 40. 


Correc-| Correc- 
Theoret-| tion | tion for 
ical eleva- | topogra- 
gravity | tion | phy and 
(Indi- or i 

Yo an) sation 
Dy Dynes | Dynes 
979.107 |j—0.050 | —0.018 
979. 160 |— .057 | — .021 
978.982 |— .027| — .021 
978.715 |— .097 | — .001 
978. 689 |— .105| — .001 
978.992 |— .018 | — .028 
978. 721 = 194 + . 027 
978. 748 |— .197 + .018 
978.835 |— .153 | + .007 
978.758 |— .082 | — .008 
978.896 |— .127 . 000 
978.992 |— .019 | — .026 
978. 898 |—- .006| — .019 
978. 571 |— .003 .000 
978, 662 |— .009 -000 
978. 886 —, 066 = 018 
978. 873 |— .114 — .005 
979.347 |—- .210 | — .080 
979.072 |~— .054 — .015 
978.711 |— .123| — .001 
978.938 .— .034] — .023 
979.210 |— .065 — .025 
978.928 |— .147 + .007 
979.076 |— .024 — .046 
979.039 |— .062] — .012 
979.139 j— .055 | — .020 
978. 802 |— .004} — .010 
979.189 |— .017 | — .024 
978.693 |— .071 — .009 
979.060 |— .025| — .083 
078.920 |— .044 | — .022 
978.9883 |— .080} — .007 
978.828 |— .137 | — .002 
979. 284 |— .076 | — .047 
978.892 |— .165}; + .011 
978.873 |— .117 | — .006 
978. 743 |= .095 | — .003 
979.186 |— .061 | — .024 
978.955 |— .011 | — .027 
978.931 |— .112; — .003 
078. 204 |— .002; + .040 
978.902 |— .109 |} — .006 
979.043 |— .021 | — .087 
978. 789 |— .178 + .024 
979.442 |— .066} — .033 
978.972 |~ .024| — .024 
978.979 |— .014 — .031 
979.373 |— .052 — .019 
978. 768 |— .054 — .016 
978.779 |— .087 | — .009 
979.357 |— .649 | + .032 
979.129 |— .053 | — .019 
979.031 |— .017 | ~ .038 
978. 232 |— . 692 + .183 
979.503 |— .101 | — .088 
978.804 |- .187| + .013 
979.337 |— .517 + .024 
978. 707 |— .093 + .001 
979. 353 |— .311 — .066 
978. 843 |— .203 | + .021 
979.311 |— .081 | — .057 
978.241 |— .089] + .012 
979. 102 |;—1. 101 + .141 
978.949 j— .032 | — .023 
978.875 |— .165| + .010 
978. 760 hoes -190 + .016 
078. 766 |-—- .120 | — .006 
979. 286 |— .040| — .067 
979. 072 |— .086| — .110 
978. 982 |[—- .144 | + .009 
978.830 |— .151 | + .009 
978.853 |— .140 — .002 
978.245 |—- .420} + .116 
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979. 072 
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PRINCIPAL FACTS FOR 40 STATIONS NOT IN THE UNITED STATES PROPER, CANADA, OR INDIA. 


The following table contains the principal facts for 40 stations outside of Canada, India, 
and the United States proper. The data for stations Nos. 1 to 36, inclusive, except the cor- 
rection for topography and compensation and the resulting g,, were obtained from the reports 
of the International Geodetic Association. The correction for topography and compensation 
of Nos. 1 to 27 was computed by the United States Coast and Geodetic Survey for depth of 
compensation of 113.7 km. in the usual way, and for Nos. 28 to 36 it was computed by Mr. Niet- 
hammer from Hayford’s tables, and is taken from the ‘‘ Procés Verbal de la 56me séance de la 
commission géodésique Suisse,” Neuchatel, 1910. Stations 37 to 40 are from a publication of 
the Royal Italian Geodetic Commission, ‘‘ Determinazioni di Gravita relativa compiute nel 
1912,” by Reina and Cassinis, Rome, 1913. The correction for topography and isostatic com- 
pensation is there computed for a depth of 120 km. and contains the error noted in the foot- 
note on page 98 of this publication. Theerror has been corrected and an approximate allowance 
made to change the depth to 113.7 km. The combined effect of these two changes was to 
reduce the anomaly in each case by 0.001 dyne. 

The theoretical gravity throughout the table is based on Helmert’s formula of 1901, 
Potsdam system. 

It is intended that the several tables of principal facts (pp. 50 to 57) shall contain data 
for all well-observed gravity stations on land known to this Survey for which corrections, 
by Hayford’s method, for topography and isostatic compensation have been computed for the 
depth 113.7 km. In the Comptes Rendus de la 17me Conférence géodésique de 1’ Association 
Géodésique Internationale, IIme Volume (Rapports Speciaux) pages 41 and 404, are given lists 
of corrections for topography and compensation for stations chiefly in Africa that are not 
included in this publication owing to lack of information as to the assumptions and methods 
underlying the computation. 


Principal facts for 40 stations not in the United States proper, Canada, or India. 


Theoret- | C tion for | COM lonserved 
eoret-| Correc- | tion for serve 
Latitude oo Elevation) ical tion for | topogra- | Puted loravity at Hayford 


Number and name of station gravity | eleva- | phy and (etavity at estalian | 98° anomaly, 


tion compen- Station 


o r H Yo sation Jo g 
© ot nes Meters Dunes Dynes Dynes Dunes Dyncs Dynes Dynca 

1. Stilfserjoch (Stelvio Pass), Austria...| 46 31.8 10 27.4 2760 | GSO. 755 | —O. 852 +0.152 | 9S8U.055 | 980.045 | —0.010 ~-4. O1IS 
2. Franzenhohe, Austria.......... eee eee 46 32.0 | 10 29.0 2188 | 980.755 | — .675 | + .OS7 | 980.167 |] 980.153 | — .014 — .022 
3. Schneekoppe, Germany.............. 50 44.2 | 15 44.6 1605 | 981.132 | — .495 | + .110 | 980.747 | O80. 776 | + .029 + .021 
4. Alte Bruch, Germany.............-- 50 45.7 | 15 44.6 917 | 981.134 | — .28 + .060 | 980.911 | 980.930 | + .019 + .Oll 
5. Brocken, GerMsany ....ecc.-----200-- 61 48.0; 10 37.0 1140 | 981.226 | — .352] + .088 | 980.962] 981.015 | + .053 + .015 
6. Scharfenstein, Germany............. 51 50.0] 10 36.0 623 | 981.229} — .192 | + .O041 | 9R1.078 | 981.130 | + .052 + .™4 
7. Naye, Switzerland................... 46 26.0 6 58.7 1987 | 980.746 | — .613 | + .O74 | 980.207] 90.233] + .026 + .018 
8. Villeneuve, Switzerland.......-..... 46 24.1 6 55.7 376 | 980.743 | — .116 | — .074 | 980.553 | 980.572 | + .019 + .0l1 
9. Chaumont, Switzerland............. 47 01.4 6.57.1 1018 | 980.790 | — .314] - .025 | 980.510] 980.554] + 44 + 2036 
10. Neuenburg (Neucbatel), Switzerland.| 47 00.1 6 57.3 487 | 980.797 | — .150| — .026! 980.621 |} 980.653 | + .032 + .Ou4 
11. Gornergrat, Switzerland............. 45 50.0 7 46.8 3016 | 980.705 | — .931 | + .165 | 979.939 | 979.9902] + .053 | + .015 
12. Ritfelberg, Switzerland............-- 45 59.6| 7 45.3 2566 | 980.7 — .792| + .122| 980.035 | 90.090] + .055 | + .047 
13. Zermatt, Switzerland...........00.-- 46.01.5| 7 45.0 1603 | 9X0.708 | — .495} — .007| 980.206] 980.250] + 1014] + .036 
14. Belalp, Switzerland..............0--- 4622.9 7 59.6 2132 | 980.741 | — .658| + .079| 980.162] 980.172] + 010] + .on2 
15. Brig, Switzerland........0.0..2.2606- 46 19.7; 8 00.4 683 | 980.737 | — .211 | — .085 | 980.441 | 980.437 | —.008 — .012 
16. Eggishorn, Switzerland...........-.- 46 25.2! 806.8) 2187] 980.745 | — .675| + .086| 980.156] 90.109] + .013 + .0n5 
17. Fiesch, Switzerland........... cee ees 46 24.2' 808.1 1049 | 980.743 | — .324 | — .043 | 980.376 | 980.376 O09 — .(K08 
18. St. Maurice, Switzerland............. 46 13.0, 700.2 422 | 980.726) — .130 | — .091 | 980.505 | 980.512] + .7 — .01 
19. Honolhalu, Hawaiian Islands @ ....... 21 18.1 ' 157 51.8 61 $78. 711 — .02 + .162] 978.871 O78. 9465 + .075 °° + .057 
20. Mauna Kea, Hawaiian Islands @ .....| 19 49.2 | 155 28.8 3981 | 978.623 | —1.229 | + .469 | 977.863] 978.060 |] + . 206 + .108 
21. Hachinohe, Japan...............000- 40 31 | 141 30 21 | 980.212] — .0068 | + .049) 980.255] 980.359] + .104] + .1998 
22. St. Georges, Bermuda @ oo eee... ceeee 32 21 64 40 2| 979.509 | — .OOl + .218 | 979.7268 | 979.806] + .ONUD + .072 
23. Jamestown, St. Helena @ ............ —15 55 5 43.7 10} 978.418 | — .003 | + .177 | 978.592 | 978.712 | + .1L0 + .112 
24. Sorvagen, Norway..........seeceeee- 67 53.6 | 13 02 19 | 982.478 | — .006 | + .016 | 82.48% | 982.622] + 1134) + 2125 
25. Kala-i-Chumb, Turkestan........... 38 27.3 | 70 46.5 1345 | 980.029 | — .415 | — .0S6 | 979.528 | 979.4621 — .066 — .074 
26. St. Paul Island, Alaskasa ............ 57 07.3 | 170 16.6 10 | 981.682; — .003 | + .O41 {| 981.720 | 981.728 | + .006 — .02 
27. St. Michael, Alaskaa@ ................ 63 28.5 | 162 02.4 1 982.175 000 — .0O4 982.174 O82. 192 + .OI8 + .O10 
28. Sitten, Switzerlund............ ec eee 46 14.1 7 21.5 514 | 980.728 | — .159 | — .08S2} 980.487 1} 980.480 | — £007 — .015 
99. Visp, Switzerland. ....c...---0ce0e- 4617.6 | 7 53.0 649 | 980.733 | — .200] — .090| 980.443 | Oxo. 441 | — 002 | — Lalo 
30. Iselle, Switzerland. .......... ee eee eee 46 12.5 8 12.1 630 | 980.725 | — .194 | — .105 | 980.426! 980.430] + .004 — .0v4 
a1. Gsteig, Switzerland............cces 4623.2] 7 16.2 1185 | 980.742 | —.368 | — .001 | 990.375 | 990.396] 4.0211] + .013 
32. Simplon Hospice, Switzerland.......] 46 14.9 8 01.9 1998 ; 980.729 | — .617] + .076 |] 980.188 | 980.202] + .O14 + .006 
33. Grand St. Bernard, Switzerland..... 45 52.1 7 10.4 2473 | 980. 694 — .163 + .131 980.062 | OSO.072 + .O10 + .002 
34. Sanetsch, Switzerland ............... 46 19.3 717.2 241 | 980.736) — .680 | + .O85 | OAO.19L | OSO. 211 | 4 020 + .012 
35. Chanrion, Switzerland..............- 45 56.3 7 22.9 2435 ! 980.700 | — .751 |] + .113 ] 980.062] 980.107] + .055 + .037 
36. Schwarzsee, Switzerland............. 45 50.5 7 42.7 2582; 980.705 | — .797 | + .125 | 980.033 | 980.090 | + .057 + .099 
37. Rome, Awe. Sid ei alee noe wate 41 53.5] 12 29.7 49 | 980.335 | — .015 | — .012] 980.508 | 980.367] + .059 + .051 
38. Florence (Arcetri), Italy ............- 43 45.2 | 11 15.2 184 | 980.503 | — .057 | — .023 | 980.423 | 9x0.401 | + .068] 9 + .080 
39. Leghorn, Italy.c...cc. cece eee eee e eens 43 32.0] 10 18.5 6| 980.483 | — .002{ — .018 | 980.463 | 980.5341] + JOTI + .03 
40. Genoa, Italy ....... 2. cee cee ewe eee 44 29.2 8 98 ; 980.569 | — .030 | — .029 | 980.510 | 980.557 + .047 + .039 


4] & 


is station is in west longitude. 


Chapter ITI.— COMPARISON OF APPARENT ANOMALIES AT STATIONS IN THE UNITED 
STATES BY THE HAYFORD AND OLD METHODS OF REDUCTION. 


In the following tables g,’’—y. and g.—. have the same meanings as in the reports of 
the International Geodetic Association. 

The quantity g.’’—‘o is the apparent anomaly when the Helmert formula of 1901 and the 
Bouguer reduction are used. The Bouguer formula has been very generally applied in 


reducing pendulum observations to the level of the sea. This formula isdg= + 201 ~3F 


where dg is the correction to observed gravity, g is gravity at sea level, H is elevation above 
sea level, r is radius of the earth, 6 is density of matter lying above sea level, and A is mean 
density of the earth. The first term takes account of the distance from the earth’s center, 
and the second term of the vertical attraction of the matter lying between sea level and the 
station, on the supposition that the latter is located on an indefinitely extended horizontal 
plain. Wherever the topography about a station departs materially from this conditon of a 
horizontal plain a third term must be added to the above formula, being a correction to the 
second term or to observed gravity on account of such irregularities. The Bouguer reduc- 
tion thus takes no account of isostatic compensation and neglects all curvature of the sea-level 
surface, the topography being treated as if it were standing on a plain of indefinite extent. 

The quantity g.— 7. is the apparent anomaly when the Helmert formula of 1901 is used in 
connection with the so-called reduction to sea level in free air only (0.0003086 H). This reduc- 
tion ignores both the topography and the isostatic compensation. It takes account simply of 
the increased distance of the station from the earth’s center when the station is above sea level. 

A comparison of the anomalies by the Hayford method, on the one hand, with those by the 
two older methods, as shown in the columns headed g,’’ — yo, and g.— ¥o, on the other hand, will 
therefore show the merits of the Hayford method of reduction in compariosn with the Bouguer 
and the free-air methods. 

This comparison of the Hayford method with the Bouguer and free-air reductions is made 
because the Bouguer reduction postulates a total lack of compensation and a consequent high 
rigidity of the earth’s crust while the free-air method assumes that each piece of topography 
is completely compensated for at zero depth. Besides, the Bouguer and free-air methods are 
those which have been most generally used. 

The Hayford anomalics in the following table are based upon the Coast and Geodetic 
Survey formula of 1912 in which the first term is 978.038. 
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Anomalies by Hayford, Bowguer, and free-air reductions. 


Anomaly 


Number and name of station 


Number and name of station ; 
Bouguer In free air Hayford, | Bouguer | In free air 
(9o"’—Yo) | (Yo-Yo) 1912 (9o"’—Yo) | (Jo—Yo) 
ee ed a rr ee +0. 048 +0.048 || 76. Bismarck, N. Dak.............. 0. 002 —. 052 y 
2. West Palm Beach, Fla......... + .057 + .057 || 77. Hinsdale, Mont................. ; . 029 — .053 +0. 
8. Punta Gorda, Fla...-........... + -038 | + .038 || 78. Sandpoint, Idaho............... + .002 — .105| — .034 
4. cy may sr wate A eee + .023 + .023 || 79. Boise, Idaho.................... + .008 — .117 — .026 
5. New Orleans, La............... + .008 + .008 || 80. Astoria, Oreg..................-. — .013 + .003 + .003 
6. Rayville, La....... conbchnotess +. + .029 cat. ee ee .010 — .103 .013 
7. Galveston, Tex..............-.. — + .006| + .006 || 82. Rock Springs, Wyo............. + .013 — .191 ; .020 
8. Point Isabel, Tex............... +. + .049 + .050 || 83. Paxton, Nebr................... — .006 — .009 + .004 
©; DAS. hve csenestacwasseses —-. — .022 — .009 || 84. Washington, D. C. (Bureau of 
10, Austin, Tex. (capitol).......... = — .021| — .008 ee x Standards). - Sate ae aera oe + 087 of. 046 + .057 
i. Austin, Tex. (university) ens D3) “, 010 = 023 is 003 2 gp Y Mew wwe wwe eee mene ne + . =. . 000 
c @s eer escereetseeeee = ey on es = = 
13, Little Rock, Ark............... + 10} + 2030 | > L039 || 88 Lake Placid, N. ¥.............. ete ccekee ty) Goce 
14. Columbia, ‘fenn...............- + .006] +.017) + .00]l ao wisn Woy. , 
A Atlente Ga ~ °08 — "036 — “001 TK Ap Pee eee — .010 — .014 — .004 
pieng SHR ETR ERS RS eS obEE Se ‘ ? 89. st ae Scacencescseucccses — .020 — .032] — .012 
16. McCormick, 8. C ee di -O15 of +017 + 085 90. irginia Beach, Va eecssesecseses — .048 = O15 = .015 
. eston, eee eee eee eee a + . - 
18. Beaufort, N. C...........0..-0- — .021 + .023 + 2033 || 91. Durham, N.C............222.4. + .036] + .045) + .058 
19. Charlottesville, Win sicierscncext — .013 = On| — .008 5 We Fla..........----.- + — + —— + or 
BD. DOK PAM, MGs sn snesazessen ses BAD) OEP Ere ge Alloerifie, Ataiccciicecccccctc| GeO] Oe ce 
21. Washington, D. C. (Coast and 95. New Madrid, Mo............... + .001 + .001 + .010 
Geodetic Survey Office)....... + .037 + .048 + .049 
22. Washington, D. 4 (Smithson- 96. Mena, Ark eee eee ee = . 052 2) . 066 ae . 029 
ian Institution)..............- + .039 + .049} + .050 || 97. Nacogdoches, Tex.............. — .012 — .005 | + .004 
23. Baltimore, Md................-- — 011 .000| + .003 || 98. Alpine, Tex................-24. + .021 — -088) + .062 
%. Philadelphia, Pa............... + .022 + .037 + .039 OD. Farwell, TOR: « ccisccicccassvs'y< — 016 — .132 + .003 
25. Princeton, N.J...............-- — .019 — .004 + .002 300... Guymoni, OK]a. cc..ccvccesccs: — .017 — .110 — .010 
96. Hoboken, N. Jecco-ncocecoccenee + 024 039 040 || 101. Helen wood, SOD oo ged eavayesi + .040 + .015 4+- .063 
Mae Ve + to) + coz | 4 ‘oat || 202 Cloudland, 'Tenn.........:.... + 1008} —l0s2] +4 1142 
28. Worcester, WRER Eee 2 - = aman nnn eo — .020 na LOM + .006 103. Hughes, Tenn... Meate cats eons — .029 — .074 + .032 
So: igeGae, MOOR 6 ciccccsscewankoas + .005 + .024 + .026 || 104. Charleston, W. Va............. — -024 — 045 — .026 
30. Cambridge, Mass............... + .005 4+ .022 + .023 || 105. State College, Pa.............. — .021 — .038 — .003 
hy Caled Wie occ cs ccaccascavecces — .008 . 006 .010 || 106. Fort Kent, Me................. — -013 — .021| — .004 
OF: Tthaee.. HOV. kc din ode tcines ants es + . 033 Bi 010 || 107. Prentice, Wis...............-+- + .024 — .005 + .042 
33. Cleveland, Ohio...........-..-- — .003 — .016| + .005 || 108. Fergus Falls, Minn............ — .006 — .034) + .003 
34. Cincinnati, Ohio................ — .019 — .034 — 009 || 109. Sheridan, Wyo................ + .032 — .116 + .009 
35. Terre Haute, Ind............... — .009 — .016 000 || 110. Boulder, Mont................. — .015 — .181 — .Ol4 
Chi SE on REE, oo — .007 — .012 008 || 111. Skykomish, Wash............. — .028 — .087 — .067 
FF Melee, Wa ee — 0051 = 1008 | 2008 || 112 Olympia, Wash. 222222200227. + :033| + 102] + .029 
RI | ane I, — .005 —.014] + .004 || 113. Heppner, Oreg................ — .027 — .093 | — .026 
39. Kansas Cit y Mo ee See a eee, > .016 a . 088 — .009 114. Truckee, Cal GPC CCU wheeeeaeeseas cmd 028 2 . 162 4+. . 037 
40. Ellsworth, Kans..........-..--. + .014 — .029 + .016 || 115. Winnemucca, Nev............. — .009 — .150 — .005 
41. Wallace, Kans.................. — .012 — 105} — .006 || 116 Bly, Nev.........5.2.....0255. — .021 — .27| + .007 
42. Colorado S$ OND. 3c 6508545 — .007 — .188} — .006 || 117. Guernsey, mee pesecesecesecces + .036 — 113] + .028 
43. Pikes Peak, Colo..............- + .021 — .24)| + .216 || 118 Pierre, 8. Dak................. + .014 — .039]} + .009 
44. Denver, Colo a IS 5 Rae Batons | at 016 — . 72 am OS 119. Fort Dodge, Iowa...... oresse + .015 — .O11 + .025 
45. Gunnison, Colo...............-- + .020 =— .220 + .027 120. Keithsburg, || Dae — .008 — .018 — .003 
46. Grand Junction, Colo........... + .024 — .158 — .919 || 121 Grand Rapids, Mich........... + .002 — .008 + .013 
47. Green River, Utah............. —.021] —.180| — .056 || 122 la, Ind... ....-....22+2+-- + .O11}; — 001} + .030 
48. Pleasant Valley Junction, Utah.| + .004 — .187| +4 .036 || 123. Albany, N. Y...........-----. — -O43 | — .048) — .O4L 
49. Salt Lake City, Utah aS, Met | + .010 om .146 a= 023 124 Port Jervis, N. Y we eeseseseesess = 033 at . 035 —_ . 022 
50. Grand Canyon, Wyo........... — .002 — .208| + .044 || 125. Atlantic City, N.J............. — .023 + .003; +. 
51. Norris Ge Basin, Wyo...... + ,021 =—_ 197 + .060 || 126. Bridgehampton, N. Y......... — .022 + .005 + .006 
St iowa Gane Bat Wee: = oor] = 2193] + 035 || 127. Chatham, pudactiveaanseees —i014| +.018| + .018 
53. Seattle, Wash. (university) ..... — .093 — .1ll — .105 || 128. Rockland, Me................. — .015 + .003} + .004 
54. San Francisco, Cal.............. — 02 + .019 + .030 || 129. Lancaster, N.H................ — .018 — .031 — .003 
55. Mount Hamilton, Cal bees oe Ne = .003 op .003 + . 1235 130 hitehall, eecsceesesdescoce aad . 039 - 047 = 043 
56. Seattle, Wash. school). ... — .093 — .111|/ — .103 || 181. Little Falls, N. Y.............. — .024 — .038; — .023 
87, tron River; Mish... .......c.-., + 1038| + .009| + .060 || 132. Watertown, N.Y.............. — .025/ —.032] — .016 
B68, ele, MBM 5oci oaccsscescccsates + .023 — ‘010! + .039 || 133. Southport, N. ¥.-2222.222.2.22 — -030 — .047| — .018 
59. Pembina, N. Dak.............- + .019 =—= ,008| +4 .018 |] 134. Erle, Pa... 25.ccesecceccsacecs — .027 — .040 — .018 
60. ca emataaianh + .001 — .040| + .003 || 135. Parkersburg, W. Va........... — .024 — .042; — .022 
61, Sweetwater Tex Kb eaesvesebatuan — .029 — . OR4 — .012 136 Columbus Ohio.. were rer ree eeeee = .012 - . 028 — . 003 
e Zaria Tee + 1031} —.003| + .052 || 137. Indianapolis, Ind.............. +.001} —.012| + .012 
63. El Paso, Tex............---00-. + .007 —.111| + .016 || 138. Sp Yi RRR REN TT —.016) —.023) — .008 
64. Nogales, Ariz..............-.+0. — .050 — .133| —. 139. Lebanon, Mo................-. + .011 — .012) + .031 
By MUM, ARM cae cnisanicnsccsess + .009 + .001}; +. 140. Joplin, Mo pevebsncemredashsnsac + .016 =. + .025 
66. Com ton, Cal. ee meee nr en eeeeeeee —_ 050 = . 041 = .042 141, Fort Smith, Ark.. eee eee ee tene == 016 = . 030 a 015 
67. Goldfield, NOV vscwaconscctasxaas — .013 — .166| + .022|| 142. Texarkana, Ark............... + .011 + .009; + .020 
68. Yavapai, Ariz.............-...- + .001 — .162| + .043 || 143. Hot Springs, Ark.............. +. 018 + .009| + .030 
69. Grand Canyon, Ariz............ — 1010} —.173| — .008 || 144. Alexandria, La................ —.006| +.008| + .011 
70. Gallup, N. Mex................. —.013| —.211| + .009 || 145. Laurel, Miss................... +.014] + .025] + .033 
71. Las Vegas, N. Mex............- + .003} —.189| + .028 || 146. Richmond, Va................. + .003| +.018} + .021 
72. BROMTOO, TOE s .. sive ctscansnws + .032 — .@1 + .047 |] 147. Emporia, Va........ccccccces- + .013 + .032 + .036 
73. Denison, Tex......:.....cc.000- + 005} —.012| + .012|| 148. Greenville, N.C............... —.018| +.007| + .009 
74. Minnea = ccGepawatteeah + .059 + .034 + .062 || 149. Wilmington, N.C............. — .031 — .001 .000 
75. Lead, eee eee eee **-* + - 052 = .072 + -104 150. Cheraw, 8. eee eer eee ere ew ee co 002 + 017 + . 023 


Digitized by Google 


60 U. 8. COAST AND GEODETIC SURVEY SPECIAL PUBLICATION NO. 40. 


Anomalies by Hayford, Bouguer, and free-air reducttions—Continued. 
Anomaly Anomaly 
Number and name of station Number and name of station 
Hayford, | Bouguer | In free air Hayford, | Bouguer | In freeair 
1912 (go"’—Yo0) | (o-oo) 1912 (go’'’—Yo) | (GJo—Yo) 

151. Charlotte, N.C..............-- +0. 025 +0.023 | +0.048 || 186. Aberdeen, 8. Dak.............. +0. 012 —0.029{ +0.015 
152. Asheville, N.C........0..2000- — .005| — .045| + .029 || 187. Faith, 8. Dak.................. +.015| —.058/ + .029 
153. Cleveland, Tenn.............-- — 10233; —. 0461} —.013 || 188. Marmarth, N. Dak............ +.035{ —.051| + .041 
154. Winston-Salem, N.C........-. — 1038] —.049] —.018 |] 189. Towner, N. Dak............... + .032| —.014| + .036 
155. Knoxville, Tenn............... — .021 — .045 — .014 || 190. Crosby, N. Dak................ + .017 — .041 + .026 
156. Bristol, Va.................-.- — .015 — .052 + .005 |] 191. Crookston, Minn............... + .0l1 — .016 + .013 
157. Homestead, Fla.............-. — 1036; + .001| + .001 || 192. Poplar, Mont.................. +.019| —.050/ + .018 
158. Sebring, Fla............0000-0. —i017| +. 011] + .014 || 193. Miles City, Mont............... + .030} —.061| + .018 
159. Titusville, Fla................. — 001 + .030| + .030 || 194. Huntley, Mont................ + .011 —.105| — .003 
160. Leesburg, Fla................-. —io14| + .012| + 015 |] 195. Lander, Wyo.................. +.019{ —.18| —.001 
161. Cedar Keys, Fla............... — .021 + .003} + .003 || 196. Faribault, Minn............... + .036] + .011| + .044 
162. Macon, Ga............-..---6-- + .019 + .023] + .034 |] 197. St. James, Minn............... + .006 — .020} + .016 
163. Albany, G&...........000.. 000 + 1002} + .015| + .021 || 198. Edgemont, 8. Dak............. + .054| —.0671 + .050 
164. Pensacola, Fla........-...--+-- — 014| +. 008] + .008 || 199. Dawson, Minn................. +.017} —.014{ + .022 
165. Opelika, Ala............2-.-.-- — 026| —.028| — .001 || 200. Cokato, Minn.................- +.006} —.019] +.017 
166. Huntsville, Ala................ — .023| —.034| — .012,| 201. Wasta, 8S. Dak................. + .030] —.052/ + .025 
167. Arkansas City, Ark............ — i012} — 1004} + .001 || 202. Moorcroft, Wyo..............-- +.021] —.109| + .034 
168. Memphis, Tenn...............- + .013 + 015| + .023 || 203. Duluth, Minn... 222.220.2220. + .0&0 + .025| + .048 
169. Mammoth Spring, Ark........| + .013! + .002| + .019 || 204. Osage, lowa...............--.- — .02%! —.050| —.011 
170. Hopkinsville, Ky.............. + .006 + .001 + .020 | 205. Randolph, Nebr............... + .002 — .042 + .015 
171. Danville, Ky..............-... — .030 — .043 — .010 |: 206. Valentine, Nebr............... + .018 — .058| + .030 
172. Clifton Forge, Va.............. — .034 — .065 — .029 || 207. Wheeling, W. Va.............. — .029 — .047 — .024 
173. Greenville, Ala...............- — 011} —.001| + 013 || 208. Leon, Iowa..................0- —.008} —.031| + .007 
174. Birmingham ANG cescyece sess — .033 — 1034] — .014|' 209. Laurel, Md............0000000. + 034; + .043| + .049 
175. Lexin mn, Va eercenresasreseoecrcoes = . 024 pos 047 = Oli 210 Harrisburg, Pa SPS Ceerceoreorcenee = . 029 = . 031 — O19 
176. Prestonsburg, Ky............- — .024 — .042 — .020 || 211. Pittsburg, Pa................. — .023 — .041 — .015 
177. Traverse City, Mich........... + .001 — .009 4- .O11 |/ 212. Rockville, Md................. + .046 + .053 + .067 
178. Seney, Mich................... + .001 — .008 + .016} 213. Upper Marlboro, Md........... + .013 + .027 + .028 
179. Oconto, Wis................... — .025 — .038 — .018| 214. Fairfax, Va.................... + .036 + .042 + .055 
180. Grand Rapids, Wis............ — 1042] — 063} — :029|, 215. Crisfield, Md...............00.. — 1029} —.002| —:002 
181. Winona, Minn................. + .015 — .006 + .017 || 216. Fredericksburg, Va............ + .005 + .015 + .017 
182. Baldwin, Wis................. — .050| —.074| — .036|| 217. Dover, Del...............0..0. — .010| +.010] + .011 
183. Cumberland, Wis.............- — .049 — .074 — .033 || 218. North Tamarack, Mich........ + .031 + .019 + .050 
184. Cambridge, Minn. .........00.. — .027 — .051 — .017 || 219. Hagerstown, Md............... — .049 -. — .085 
185. Brainerd, M Beer ereccesrececevcocces + -012 — 018 + 0238 
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The mean values of the anomalies with and without regard to sign are shown in the follow- 
ing table: 


Mean with chs oh £0 Sign 210 stations: <6 ces chic choco e Side baa ve isa a cee ena Seas a aes bataateeees 
Mean without re to BIO StOtlONS «2 ness oes Sines coc coast ccaceens ouele Ses beabectweusnesseesemeseees 
Mean with to sign 217 stations (Seattle stations omitted)... 2.2... cee cece cece cece cece cc e cena nnees 
Mean without regard to sign 217 stations (Seattle stations omitted) 


The mean without regard to sign is much larger by the free air and the Bouguer than the 
Hayford reductions and for the Bouguer it is so large as to show that the condition upon which 
it is based, namely, that of a rigid earth, is very far from the truth. 

There are only two Hayford anomalies greater than 0.059 dyne, and those are at Seattle, 
Wash., at stations so close together that they should be considered really only one station. 
The maximum free-air anomaly is at Pikes Peak, Colo. (No. 43), and is +0.216 dyne. The 
maximum Bouguer anomaly is — 0.229 at Gunnison, Colo. (No. 45). 

The following table gives for the three methods the number of anomalies which fall within 
certain limits: 
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Number of anomalies of different magnitudes. 


Number of anomalies Number of anomalies 
Limits of anomalies in dynes ae vial nai Limits of anomalies in dynes chal - 
Ila.’ | Bouguer tg * | Bouguer | “free 
0.200 to 0.300................0.0205-- 0 5 1 || 0.050 to 0.060... .0 cece eee eee 8 13 11 
ghOO LO: 200) odie kee domaehae ee ede 0 31 § O40 CO: 000 aces ce cen ceeds Seace as 8 20 18 
000-10: 100 2 cosa ks scaeeeiket seus 2 2 1 (80 to 4 O40 6 oiandsseewendaseewns 28 y 20) 25 
OSO to .090.............- cee ceeeee 0 3 0 O20 CO 80 oc caine ce ceceeeieees 5 A 40 
O70 to .OSO....... 2... eee eee eee 0 4 0 OlOto .2.......... 0. ee ee eee 69 37 §2 
O60'40 07 Ossbae wkd wiswac Sewwensccs 0 § 7 O00 10 010. wicceswrccdccvstesaces 50 38 59 


An inspection of the data in this table shows that the anomalies by the Hayford 1912 
method are distributed in fair agreement with the law of distribution of accidental errors. There 
is no indication of any decided systematic error for those anomalies. On the other hand, the 
distribution of the anomalies by each of the older methods of reduction departs greatly from the 
law of distribution of accidental errors and indicates that there are substantial systematic errors 
present. 

GRAVITY ANOMALY MAPS. 


The 1912 Hayford anomalies for the 219 stations in the United States and the 42 stations 
in Canada are shown in figure 11. The contours were drawn mechanically. The whole area 
covered by the stations was laid out in triangles, each triangle having as its apexes three contigu- 
ous stations. In all cases where there was a choice those stations were selected which gave most 
nearly an equiangular triangle. The points on the contours were determined by interpolations 
along the triangle sides between the stations at theirends. There are several places where sharp 
angles in the contours were taken out and the contours rounded, but these are of very minor 
importance. 

The map shows no relations between the anomalies and the topography except for coast 
topography, but it does seem to show some relation between the anomalies and the geologic 
formation. Along the coast where the geologic formation is generally Cenozoic the anomaly 
areas are mostly negative. The large area of Paleozoic formation which extends westward from 
Pennsylvania is mostly negative, while the large Mesozoic and pre-Cambrian areas in the Dakotas, 
Minnesota, and in Montana and Wyoming tend to be positive. (See fig. 17.) 

Figure 15 shows the gravity anomaly contours in the vicinity of the District of Columbia. 
These are so intricate that they could not be shown well on the small scale of figure 11. 

Figure 12 shows the 1916 Hayford anomalies and the gravity contours for the 219 stations 
in the United States, and figure 16 the 1916 anomalies and contours for the area surrounding 
the District of Columbia. These two maps differ very little from figures 11 and 15 showing the 
1912 contours. : 

Figure 13 shows the Bouguer anomalies at the 219 stations in the United States and the 
anomaly contours. Little comment is needed in regard to this map. It was constructed in 
the same way as the 1912 and 1916 Hayford anomaly maps. It shows in a very impressive 
manner the close relations between the Bouguer anomalies and the character of the topography. - 

Figure 14 shows the free-air anomaly contours for the United States. This shows in a 
striking manner the relation between the free-air anomalies and the elevations of the stations. 

Figures 13 and 14 seem to prove conclusively that the earth’s crust is not rigid and also 
that it is not highly plastic. On the other hand, figures 11 and 12 for the Hayford anomalies 
prove that the condition of isostasy with the compensation distributed to a considerable depth is 
very near the truth. 
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AGREEMENT AS TO POSITIVE AND NEGATIVE AREAS DEDUCED FROM GRAVITY AND FROM 
DEFLECTION DATA. 


In figure 18 are shown the 1912 Hayford anomalies for the 219 stations in the United States 
and the differences between the observed and the computed values of the deflection of the vertical 
at many astronomic stations used by Hayford.* There are also shown a number of ovals inclosing 
areas in each of which, according to Hayford, the density of the material in the earth’s crust 
isabnormal. They were drawn by him before any results of the gravity reductions were available. 

In some of these areas gravity stations have been established, and in no case is there a 
conflict in the sign of the area as indicated and the sign of the gravity anomaly. There are many 
of the gravity stations not within these positive and negative areas as shown on the illustation 
which agree with the deflections of the vertical in their locality. 

The two classes of data supplement each other and frequently give a rather definite idea 
as to the direction from the station of the area under which the cause of a deflection of the 
vertical is located. For instance, if an arrow in figure 18, which shows by its length the size of 
the unaccounted-for deflection, is close to a gravity station, the latter being in prolongation of 
the resultant deflection, the gravity anomaly by its sign will indicate whether the plumb line 
is attracted in the direction of the arrow or repelled from the opposite side. It may be suid 
that the gravity and deflection data are in general in close accord. 


Supplemental Investigation in 1909 of the Figure of the Earth and Isostasy, 


Chapter IV.—RELATION BETWEEN THE GRAVITY ANOMALIES AND THE TOPOGRAPHY. 


A severe test of the reasonableness of a method of reduction of gravity stations is whether 
the anomalies are different in size and sign, on an average, for different characters of topography. 

There are given below five tables, for as many different characters of topography, which 
contain the anomalies by four methods of reduction. The first method may be called the 
Havford, 1912. In this method isostasy is considered complete, and the compensation is 
assumed to be directly under the station and uniformly distributed to a depth of 113.7 km. 
The formula used in this method for computing the theoretical gravity at a station is 
what is called the United States Coast and Geodetic Survey 1912 formula, in which the 
gravity at the equator is given as 978.038 dynes. The reciprocal of the flattening is 1,298.2 (the 
Helmert value of 1901; see p.113). The second method is similar to the first one, except that 
the depth of compensation is 60 km., and the formula used gives a value of gravity at the 
equator of 978.040 dynes. Each of these methods is based on the theory of isostasy. The 
values of the depth and the equatorial gravity used in the second method were derived from 
a solution of all the data in the United States, from which was obtained the United States Coast 
and Geodetic Survey 1916 formula for the United States. The derivation of this formula is 
given on page 123. 

The third method is the Bouguer, in which topography is considered, but the isostatic 
compensation is not. It postulates a rigid crust of the earth. The fourth method is the free 
air, in which neither the topography nor the compensation is taken into account. It postu- 
lates a very plastic crust with the compensation at zero depth. The Helmert formula of 1901 
was used in computing the theoretical gravity at the latitude of the stations for the Bouguer 
and the free-air methods. 

At the end of the five tables there is given a table of the mean anomalies with and without 
regard to sign. 


HAYFORD, BOUGUER, AND FREE-AIR ANOMALIES, ARRANGED IN GROUPS ACCORDING TO 
TOPOGRAPHY. 


Twenty-seven coast statrons, tn the order of their distances from the 1000-fathom line. 


a ; ioe Pilate | 
‘umber and name of sta yom Lin 
| Hayfard, | Hartford 
fathom line 1912: depth, 191; depth, 
113.7 km | @.0km 


7 
Go Mee By | 40 oa oo SRS oo Se ec ea mn ee et ee q 
DOS WOOCIEAING IG Sie. isso aes GSS ea ate a ida aeesha'e ohare een talc dee ieeaae : — .015 


2 
I+ 
3 


54. San Francisco, Cal... oc ee eee cece cece . —0. 023 +0. 019 0. 
HR SECST a ci, ON m  O  caU tee nae SRN EAI A —.m1] —. + 023 ; 03 
SU CA STOEIS, OTOP fo cil ss cnsuwoiacnve cties oe ecbcinseicceace up ar vcmauaela lade wbinstecunts =— .013 —-. + .03 + .as 
OU Wife ita: BOA Vaiss. ts cuetuicemuastan aie Josag tts oka Soe victusceetaaveas cs — .c4s — .y — .O15 — .O15 
Ore CPSs 5 Pics se cain tsa oc deus wire Bade seas Dae eeade newt hweseu en + .010 + .U15 +. + .W5 

We TROY’ W CSU Pig sal onl tau be chee ed ah oie eens tee tk + .005 015 ‘ . 048 
BS AUSNUC GUY Nod des eucrsa ccc whe doceeueS yc oa ban wes aerh cen anwane oeaeaccae a =— .03 = O18 ag ‘ aa O03 
Sy, POMC Isabel, Tek ii. isi vee vieag cnicn hewn ch wn wader cue oud sue seaksdwleae seine wecies + 027 + .u30 +. + .060 
Dy. Bridve hampton, No: Ys ieis ws cciececn cwatesinandis sceinds seat Seen see cetoaekeues eee — .02 — .016 +. + .008 

215. Cristield, d POM MH eee meme eerrcerenen renee erase nerasereneeeseneseseseesesaasenes _ 29 remed 3 — —; 2 
149. Wilmtneton. Ni © 5 otic Sik hb ays bce binn See eSuwedehnccesbeesddee od — .@1 — .0%4 —. F 
RE VCP oo oie cs co ch esa wre tg uate We aire ices ots a wiesc alloc cle oe Men eta hee =— O14 — .v10 +. +. 
DF SUT SUB ook wee sientor tee cicdtion Gane circareueehene ung eda Rau a tet etek — .Ol4 — 07 +. +. 

Oe ANOW SCIONS, DA. css cuicesu areca hw uate Me oekWa were nadeauedewicc caus ceeded — .013 — alo +. +. 

4 Racy 2 dia asa ietas teaser Lien eects wns Sea Cae eae ded ite vU0 + .004 +. +. 
Ty NOW NOE RN Vee oihchc hrs ca enw 5 Wied aoe viacuinoe ke taraoeuewel ean cade teeuwes + .(22 025 Fi ‘ 
OG. Hoboken 6 Vics caosees dadats eee ee + 024 ; 027 a : rs : 

e eta MOD soit ihe ann ele hats Sed oie Mine Ed ie vmscitvScdea g Acco ok ats oe cagdeaieetwaee a ee easee — .050 = .(H9 -. —. 
OS Si DOA Ch 2 Pig sos ou 64nd boelole asaceat wd Sate cawain b eS a ineae acy lee: dettvatd + .018 0-7 é : 
161. Cedar Keys, Fla... oo .cocccccceccccccceeco eee e eee cee eee — .@21 : O16 a : Ba : 

Se Pinta Gorda Pin oe es od ean, can ake ence ulna tect eaaunes teskescded + .010 + .017 +. +. 
So POSTON: NUISS 220 a ciais'os a wte cua tN alas annetrod ee Reba ceg ea ceedeeueee mentee’ + 2005 + 008 +. +. 
SU COMBPAGC, MASS. oon oi cic lu ncn wend iol: ecurdidis enuid u CAs a toe we wathew San cale oxen + .005 + .009 +. +. 
AT EN APICSIONUS te at oct eae Gu aS Raed ood ei an Ut tye he Rie ee ahs — .021 — .016 + +. 

. Galveston, Tex Comme reser cece were cr reer cn er eee nr ecneaccrscasecccccccceneccesccceseocs et . OU9 = - 0U8 + . + 
+ + 
+ + 
+ + 
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Mean without regard to sign 
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Forty-six stations near the coast, in the order of their distances from the open coast. 


Anomaly 
Distance 
Number and name of station from the | Hayford, | Hayford, 
open coast ; 1916; In free air 
depth, depth, (Jo—Yo) 
113.7 km 60 

Kilometers 
157.: Homestead Fa ci scaeis yo es eas eee ee savas eictcusndseerdensadseneeiasede ses 20 —0. 036 —0. 026 +0. 001 
Bl Canis. MOn.sceaiees ice Cenk etl aied ease east eae see cee cesamansatee wens 50 —. — .007 + .010 
25> VrinCetOtls Ne. dcwks aac os dueane-eeaune em suede eee eiewie a cus teeeh oteeee seaaee 60 — .019 — .016 + .002 
OS. WilinGR Nits sc eset atelat ay cage weetaet ecetieniee ss cee cencita tem Se eaeeseueaems 65 — 044 — .042 — .018 
217. DOver,. Delon oi eentaue ties seed ccacaveesmines ds assus tees ees Meese teseeeels 65 — .010 — .006 + .011 
23: “alt imores; Md: viatsieaco. caine tenc uel ae Boers eta ae eee kela gees 75 - .oll — .008 + .003 
8 W OFrcOStGr , MASS aac ease nat tans eawstaeamucdeceseeiet cece cee tak Gen ienmaed 85 — .020 — .015 + .006 
160: Teese Flav cched dene tes oes eds th aweu shes walt es ctaaacue dev awe ee es eyeses 85 — .014 — .008 + .015 
24. Puiladelpnlay Pasi veer hc aceeneten tina tik ot hoods ios sue weenie tees bowie es 90 + .022 + .025 + .039 
134. Port JOrviss Ns) ac eheeee otad Wee can See eee Ue Sat in Ss eee oe ea eeieiees 100 — .03 — .027 — .022 
153. SCDMNG) Pltise ns sos five ene ie then deredeetauade eet ety satel Greed vedees aes 110 — .017 — .010 + + .014 
148. Grecnville NC. causes co teutuie cues sundae el blewaw yi cane sales <ed Wes eet eee 130 — .018 =— .012 + + .009 
Bi Sisson oO Mls ks orcs eh ae ee esr nce tans Merete ea se ee ae a aut occas 142 — .010 + .009 - + .013 
TAs EEO POLIA es N Bie crease coe ce oS awn ed oie bh wig SG Ss Aamo ene ewete wy Uae beeen ee 145 + .013 + .016 + + .036 
PeO Chieraw Ge gs cdc seen eset ae comets decree ak se cacie co oeees 150 + .002 +.005} + + .02 
146... RICHMIONG | Vis isk los Sans e teen be weweveoverte re teascrset eebeeteeee to tasi ss 150 + .003 + .005 + + .021 
213. Upper: Marlboro, Md si os neue pees tee saden ds ae oie Stee can ee eeaie cues 150 + .013 + .016 + + .028 
Vide CPCCA eo aa choo en ornare bee Gaeta ees od dategs or bee eee te eee ee eweelbee 160 — .Oll — .009 - + .013 
DOs aC he BGs ies aca) oak arena cigs lraat tn, Bae ween Gee ar yeedarehd Miawde hoes ce Gatereces 160 + .034 + .036 + + .049 
21. Washington, D. C. (Coast and Geodetic Survey office) ..............-0202.00-- 170 + .037 +. + + .049 
22. Washington, D. C. (Smithsonian Institution)............ 0... c eee eee eee e eee 170 + .@9 + .040 fe + .050 
103, SALON OG Wo eee tegs eee bods Becta eee tnintn aur et eee da Sew eeeeae gate atone 170 + .002 + .005 + + .021 
P55 Dice. MAS eo ess Cain ek cs ase tctt es ener en none heeidratae ie eee 170 + .014 + .016 + + .033 
84. Washington, D. C. (Bureau of Standards). 2... 0.0.0... cece cc eee ence eee ce ences 175 + .037 + .039 Sa + .057 
216. -FICACHeRSOUl I V OinsacGpiocs sais cree Cot adenns tie eat ieee i ceeies eteeecus 180 + .005 + .007 + + .017 
VAS AIGSONG TIS Lite coos eo eetcd Soa h cules eud bases sain cedw dese aeuee dame wee tek hee’ 190 — .006 — .005 + + .Oll 
BID TR pile, Ml ieee ct ae ete er etna te eae ee 190] +.04| +.013) + + .067 
Dla. Palit N Bens tia views bee eu tec aye cee talons maaan s alee soe owt tts 200 + .036 + .037 + + .055 
Ol. Durhiiis N+ Ce. past oes asc aoate es teas a eee ah ae atieuis eu ete entokacaan se ote ees 210 + .036 + .038 + + .058 
OQ Waredos Text conte sos ee Gap peaches ot ee eee Set aces 215| —.020| —.c2| — = .009 
G50 YUN ATI sa fo hats ee te eee ot G oe ee tu eee ere tee cre keteuseee ee cre weed 220 + .009 + .006 + + .007 
O77. Narogdocli¢s ."T OX. fice 2s cam oiies ele es ale oy seb iwiuase tet coetes ver eeiee ees 220 — .012 -— .013 = + .005 
1235 Albay Ne YY ntiiens eeu Get seas a eee a ely os Sue ay os ies oe ee aioe 220 — .0483 - .041 - — .041 
16 MCCOrmick, 8s-Ciea: oan dacemeuw ieee yiee eee en ca ee tees erie teeeentne 235 + .015 + .017 + + .035 
40, Austin; Tex. (CO pil Ol) asc 4cicew ec sence ae deka deitea stad peceuneteleackedceeces 245 — .008 =— .008 = = .003 
HH Austin; Texs (university )oviccc aceweiweew eee nddae ech ttewewd te cane seek soxeeex 245 =— .010 — .010 = =— .003 
19. Charlottesville, Wis a cea sees b pe Od See ee eee Reo a ete ae 250 =— 6013 =— .Oll _ = .003 
D502 Harlot ING a oe tere ere ete hnce aes See eae eae awa Mages cae aes 250) + .025 + .029 - + .048 
DIG: TES CC ISCO y MGs sce stesso boned aaians the Sie Se aide y Seas aiaelaw aye eaink eae 250 =— .(49 — .046 - — .035 
1625 M9000, id coisa sine tcdeteee cana wit emaswis Men une ae cone be caaiee tae ee hnawedewereee 265 + .019 + .021 + + .034 
165; (Opeuke Alas cu vcceek esate tesetdew ee te tous cules weateed aku atest Meaecweutelss 265 =— .026 =— .020 = — .001 
BD TiNnti NEN occas earn sede ae alec ba.de sae i meeG es sz ce ek caeeian eae 305] —.023{ —.00/ = — .010 
G4. Alic@w ile, Alan. 22 occu sls cde ddu maniacs cease clddslees ice dbacacetese ceawerweie/s 305 — .017 =— .017 ~ — .001 
62. -Koerrvill6, VOX esisos ote ah Sere cand daw tee eee Cana Sones od 6a eee aw eeeees ee 310 + .031 + .035 - + .052 
1062 Fort Kents MGs. neces ede eae tewiein ita euiaen ea deka Pe eeaeees 315 = .013 — .0l4 - — .004 
6. Rayvill; Vas i205 cenivede seat xs cows enaewe Gawses ous ta syasckde ciieeeeeess sake 325 + .016 + .017 + .029 + .032 
Mean with Tepard (0 Sits. sc once tear ewastendesesaShecccwee es sieesSecaclawe vexed — .001 + .002 + .004 + .017 
Mein without regard to signs. 2 .c2.c6i5 Jew ytd pecans ie eat sees wise ts side ael eas edelees sic 021 - 020 - 025 - 023 


Eiighty-eight stations in the interior and not in mountainous regions, arranged in the order of elevation. 


Anomaly. 

Number and name of station Elevation Hayford, | Hayford Reacal 

1912; depth, |1916; depth, (grees) 

113.7 km 60 kin o Sere 
167. Arkansas City, Ark —0. 012 —0. 004 +0. 001 
Oh New. MNObIN Mc. Sie weet crak i Maton’ Dea aety anh uknwionlads Duooe tas Gace 79 — .002 + .001 + .010 
168. APC His. T ONN e6 jacis tte ook yas vee one ao oes Mi ees Seed Sak eee ewe eee tewans 80 + .012 + .015 + .02 
BS WilsG IN Woe eet seeee Sea e dial MSs ol deen tak Anus Pons eee gate: 87 —.010} —.013 — .014 — .004 
13, Titulo eae Ark oc cs2ecs ce ceeeeecctaeueei ected eee eae s9| + .030/ +.027| + .030 + .039 
142 TeX ar kan a Ar Kwccs iets watered eee cae bee Sera eee ee es wee Eee ee teuG 09 + .O11 + .009 + .009 + .020 
BT POLS aNi aN Vc oacestecuinie vioeaeeuibbce Genoese naesneie Gaon, eee ewan. 130 + .021 + .021 + .011 + .025 
141, Port Siiith; Alle sc oscenccocecseacccansesd creaidecav ema voscaswaes bees eedes verse 135 — .016 — .018 — .030 — .015 
150 WaterOwWio Ne Vue ees cen co ental a ced dace han iereaad sneee aecunaets 147 — .025 — .024 — .032 — .016 
So. Terre Hatite;, InGs.2 2 eos coin pe teis sews eee hese cet seen seed oa cele 151 — .009 — .010 — .016 . 000 
98. St1 Ouis. MGs vote varccatuce cea Sines diuied das shaeeecederae dei’ state oar 154 — .005 — .007 — .014 + .004 
169. Mammoth Spring, Ark. .........00cccceccccecccccecccccecccccccecccacccecccess 156 + .013 + .013 + .002 + .019 
120. Keithsbtire Acca besa ve eetet en te ter ence ola wee aee baleen os eee ieusicee ues 167 — .008 — .008 =— .018 — .003 
W70;-Topkinsy lle. KY woocescactectcess obiews ola cca tasscncusavateaesesscowee 176 + .006 + .007 + .001 + .020 
89. Alpena, Mich.. eeeccan eeececene SOROS HRD Mee ROEM Beer OEE ECHO EEE BORED ALES SOLES EDS 178 —_: .020 — 019 = 0382 - 012 
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Fighty-eight stations in the interior and not in mountainous regions, arranyed in the order of elevation—Continued. 


Anomaly 
Number and name of station Elevation : 
Hayford, Hay sett Bouguer | In free air 
1912; depth,/1916; depth, fe 
113.7km | 60km || (#e’—ve) | (Gove) 
174. Birmingham, Alm. oc 6<cne oceacetecasoeet east seve dans eceasneack tiaeeediwe ts —0. 030 — 0. 034 
T7¢. Traverse Clty, MiG coc: scence oer ccensat cass cane ete cdeie ke eaceweeemweaceent . 000 — .009 
BIB OCONLO, W18s ven vies cccineee os Seen aren eed we ve be edad Gade tna bess CaaaG tee en — .027 — .0338 
36. Chicago, | ee Oe = . 009 — 012 
BSS; BPrinetield , U6 sc ie ove coco cee esse een eeees ncai one Mien whe eangeemeteniee Gene — .017 — .023 
104. Charleston, W. Va. Ow Feber rere ereresresc verses erccenreserereanesrecrecneeraeeneaseess —_ -—_ . 024 —_ 045 
135, POrkersburey Wo V Ose: setae wisn tvn ser esae es Ones ss ce hiciyeseccees hdenitiwiact ee _ — .023 — .042 
143. Hot Springs, ArK.......000. 000 cc cece ec cece cece ccc caeceeececceeseececceneeces + + .018 + .009 
TOG. Ere Piao osc cine esa wis w Saale oo oe ie SS AKI s aces hd atee Oaew a eRe es - =— .027 — .040 
106; FRUNCS VAIS, AIS. cic ois otic was cies ts tinier ay's = pactdawe soecaly peed ewer spew eeee ued = — .021 — .034 
18h Winona, Mints} sisesycceenaes donde cuias actrees onde ieee eel oveseo ls 201 + .015 + .015 — .006 +. 
07... Wheeling, We V Gi ss coos sceS eee ine Sow ca ea ales Kheaae so bedee dented boeewsato ous 205 — .029 — .026 — .047 —. 
a4. Columbia. Tenis vies ey Geies waa ies od ek ede esas e Beak he lam tctondlarie Cade's wee eide 207 + .020 + .028 + .017 +. 
93.. Cleveland . Onl sc cic sve eissid aeheeud sce ssntencclo cleanse aoa e Cacen deca dosdewds bees 210 — .003 — .003 — .016 +. 
pps. Duluth, Minnsssscccsece.s) evens tevscecane Gags odeomsesddecccs anus tenn. 216| + .050} +.019| + .025 ae 
137. Indianapolis, Ind 53. <o.c0c0 8s sewwwesie ses sewewentuies Ld csaeeetasieseeateodesiesd 217 + .001 + .002 — .012 +. 
178; BOnCy ¢ MIC irs causa scons otis crs baeee ony SeeN eet see calle aesen deve baad. tense cae 223 + .001 + .002 — .008 +. 
(ax DODISON. TOK siscieeesc cvencs xockGie anes VaeiMatnl eoeecos te wwbensiusseerer ee wee 230 + .005 + .004 — .012 +. 
196. Columbus: ONO ios ooo sace cas MiSs ie ca ca hon a ae eee radia cacctab emcimesiadur aids 231 — .012 = .011 — .028 -. 
Si PICs Dune PO ins orcs acdc costs Gach bachanyan esas dai ou mee a eee es 235 — .023 — .022 — .041 —. 
191; Grand Rapids. Mich ix jccoccse cncwecie tices cae weed wae heed iak ee oats 236 + .002 + .002 — .O8 +. 
49. MOA TeGter OL oo os is oe BREEN eee ba owe tarae euieka sha eteees 240 — .027 =— .028 — O45 —., 
80, Pembina, No Dakss... .0ecésc.0.ces, seed mciscesccncoe sancavecoveoseesateie 243] +.019) +.015| — 00s +, 
34. Cincinnati, Ohf0.........00.ccccccececceescen scence reccceeerecensee cece eee lee 45; —.019} —.019/ — .034 ons 
74. Minneapolis, Minn.........-.....scsccseccccneece cece nner nee 256} +.050/ +.057/ + .034 ce, 
191. Crookston, N. Dak...........0 ccc ccecccceecccccacececccccecceccesacencceceeecs 260 + O11 + .008 — .016 +. 
133. BOULUD DORL ING. Y cu elc coon bo cee seared ne ee vaedbt ban ciue soon cree ees teases 266 — .030 — .024 — .047 —. 
BT. Madison. Wise psc ctse occa ant es ane ea caesd leat ae ato deneoe et 27 —.00 | —.005] — .021 4 
BO. Kansas City. MO ccc siviecaceccesccceieucnn cs ccnee nahn ocn tele i ce 73 — 016 — .018 — .038 Le 
15K. Winston-Salem, N.C Pewee ae eeereservraesesereareseercererssrececececccnsececscececs 24 —_ - 038 —_ - 034 ieee - 049 —: 2 
171. Danville, K POCO H SOOTHE meee RE SMB HO EDO SOR EDEeS EEE Deere BeDErenerereseseresceoeress 300 =. . 030 -. . 026 _— . 043 baal | 
196. Faribault, Siang Semi e aa heN eS Eee at a oan eMedia teSu neunekascss 301 + .036 + .035 + .011 +. 
140. JODIIN; Mwy sasesieises Vor ia ixscetclessten ae dennis eats stents eckeeelcetas seas: 303 + .016 + .016 — .009 +. 
1842 Cambrid@e; MAD iciis sa vaiececnie de cheese ledneageaad ees oe we tieese cid dec eeeasiens 303 — .027 — .028 — .051 -. 
180. Grand Rapids, Wis..... CrP ere r eres evrecercccccerccceceeseaeeresacecerecesesecs 306 — .Q42 ad 042 — .063 -_ , 
129. ANGOIS: ING osaess oes st eiceyveteiecneciwsteewa cise eacteussendceseeeteaeset 318 + .0l1 + .012 — .001 + , 
200; Cokate: MIN 6 acy siete cava sensei ee eeeie es sen Ges eased esas mehenusceieca aun des 319 + .006 + .005 — .019 +. 
100. Dawson, Mii i665 vse wee kc tesa doce oe i heeeewal bes da04 kobe Satemade cus 323 + .017 + .015 — .Ol4 +. 
16. Atlante, Q6sccscc cece sesetaceeias fea cusccauaeeace fc cee ineeeenaes han sek tes 324 — .023 — .021 — .036 —. 
197. Gt. Jaton, Mini 5360256 oe 5a co ns.d ba dnearaceoddateeadsveswseaveteseeen case 330 + .006 + .005 — .02 +. 
119. Fort Dodge, Towa. ..........0 2 ccc cece cece cece cess ccc cccecececcceccceccucneeces 340 + .015 + .013 — .0l1 ae 
IRD. Talo wit, W iS cso) wera tcscte caevan deh sakpead hours suatsh nae on paste baer’ 342 — .050 — .051 — .074 -. 
208 LON, LOW: 50s sae sce tas cae wed ra tete ccs he cde te ae ee cee a eeu ees shaw ean Suse ewer 344 — .008 — .008 — .031 +. 
D4: O80 8G; NOW Bivins caccend se ieknwecswswe vn tsa ee Ss weebscaune OOS Men wewes aaecooeed. 356 — .026 — .025 — .050 _—. 
108.; Fergus: Falls Mann os sis53 sisccce sted shen es wopenewecctins tuie ld ee ten tebe ce oebecien 366 — .006 — .008 — .034 +. 
165. Brainerd MIND so scsccs Gas cet s cecew ties eis iwhsan Sraes iv. cGae Kee cv eee disband 367 + .012 + .012 — .018 +. 
O06. Maria ACK ood occe nace ws wierd dntscaebinc saa eee we saa tenet a eed bee cae eee 368 — .052 — .051 — .066 —, 
218. North Tamarack, Mich ..............ccccccncnnccccccccccccccccccnccecsccccess 370 + .031 + .031 + .019 +. 
Tet. Cumberland, WiS.6 6 scesosss sic tedeenceee sete corausteeceelacancs se cswusne eee: 380 — .049 — .048 =— .074 -. 
130; Leban0n, MO0s.ieisiccc ncaccncdnaessiudaanc eevee ec daccodsccdicieaetescdacacuse 385 + .O11 + .012 — .012 +. 
180. Aberdeen, 6. Dak io e.3esesc sccscane ie sieS eawtiintesute ieee es tecteseiae 396 + .012 + .009 — .029 ae 
G0, Mitchell, 62 Dalec32 ccc des.aseveseu aude t udumiove shaadeuacne cces 9.05, 408} + .001] —.003] — .040 an 
BS. ly, MIND osc: oesenes st ec esas encierecne te acaoad shine teenies paleuannats sons 448 + .023 + .023 — .010 +. 
1806 TOWN? IN DOK ois ae Site lncies Se Rke eadaws sian sen toebeeeh een eth nee wateneixines 451 + .032 + .030 — .0l4 +. 
118. Pierre, 8. Dak... CPC C OP Me ODS F AE EH BEBO R EEOC SSO eHOSEZ OSE Ee OBESE OC eEREecesese 454 + 014 + -009 —_. - 039 + 
87. Iron River, Mich.................... 5 Mie ng etecea te Seieeede setes eas sees soseens 458 + .088 + .041 + .009 +. 
40, MSwWOrth; KANSs discs ost cccieea Mee aiees cit netemtanenten ios seuitey es aniene ce 469 + .014 + .012 — .029 Ae: 
4O7.. Prentice. WiSiccce nce Stee Gani heed se i bccn once swan pce uote ae 469 + .024 + .026 — .005 Ba 
205:, Randolph, NOG ss sce ccna ce ceees cneve eee beeew betas nxioehdetes sper ee eeeces 515 + .002 - 000 — .012 +. 
40. Bismarck, Ns DOK a6 sikic ei wis cee ses ewabins dciiem eins cin ebssiepaatceses ceca 516 + .002 - 000 — .052 +. 
JOO. Crosby JN. Daly ien'ce es soedi cece canine nana Gadus cues itdas coed Sear eee ee eek 598 + .017 + .015 — .041 +. 
192.Poplar, BONG... 22.5 <6 tin et connect sai wee ieee nn cue cswesueita side sevetua evwed oes 608 + .019 + .015 — .050 +. 
Oly BWOOtWAUGE TOK oa cui wed are eet wisi <a oodied siniwiwieine eRe aaenis ela deeiteins sowee wale ou 655 — .029 =— .028 — .084 be 
#7. Hinsdale; MON sco sccse ec toea ewe coe iva lamsctieelaeeare ocaa eke cee os 661 + .029 + .024 — .053 ray 
79: Shamrock TOs .<icaive. vented andowbecdss boxe cs adds ess yeveudecersstaeecenies 708 + .032 + .034 — .031 es 
103;; Miles City MOn0 ices oat ons eos ceaeecseneusek reduc edie s tee ieeseeeecws 718 + .030 + .028 — .061 i, 
206. V dlentine: NOP ccc suwaicc essa sca tian be a ww abides Ben bie Adeeb id cbaucuewews 785 + .018 + .020 — .058 +. 
187. Faith, 8. | DL a eea an ORE AE TLE eR Short Oe GENER Ale e REELS NCE 786 + .015 + .014 — .058 tet 5 
188; Marmarih. N. DGK scccewis cs cu cost oucncucwnats ew bo cwawiee sudienedvaieGs eens ane ee 822 + .035 + .036 — .051 +. 
83. Paxton, NOB ica, wc wen can oneeuntametcasthadseinaducayecusd st koe eae 932 — .006 = .005 — .099 +. 
100. G OO ON Bs oe sicee Soa ocie setts Sah noua beh eGaiaw duet ee eeceeatseeetaoed 949 — .017 — .016 — .110 —. 
41. W UR OUS oes oie el eS ae ctin ens dau eue taba uwi oases cates biauiideenceute 1005 — .012 — .009 — .105 —. 
OO; Farwell Tek scscecewncasaeve tess tein cece Sewaiecin ceuderoumseyoiaap as vecuess —. _ — .132 +. 
Mean: with regard t0 Sign. ..206 6.56 ssc sd wien cad iweewiedsdiceetdas eee es uleesteswectes — .028 +. 
Mean Without regard C0 Sith ois sci esis cick see scccessnese cease svessaxtescwsse leavccdeanded . 033 ‘ 
59387°—17——5 
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Thirty-six stations in mountainous regions and below the general level, arranged in the order of their distances below the 


general level. 
Av Anomaly 
elevation 
imine | Blea 
es levation 
Number and name of station ofstation | of station oueuiee: | Tatrabate 
Rice (ge'—ve) | (ge—ve) 
of station 
Meters Meters 
70. Gallup, No MOK eo oscs es e ia eee eee 1990 —0. 211 +0. 009 
156: Bristol. V 8 oc seek coo hs bates alee ee be ees weed eek Sea keices 32 514 — .052 + .005 
105. Btate College, Pa...........-.ccccecccccccccecccceecccscscesseceee 33 — .038 — 003 
200. Moorerolt, W906 oss ic cee kna eens ease eb can ween eeeewececnes 52 1205 — .109 + .034 
67. Goldfield, Nev COOH CRC m Ream ee ee mee weer ers e teen ererereeeereerereseeS 112 1716 —. - 166 “- - 022 
153. Cleveland, Tenn. SOR C err eres ererenrart een erannaeeerascanrasnereeeseaates 1233 263 —_ .023 -— = . 041 - 013 
. Harris pak Bviecwen CORO Reema seem am EMO E DO Demet eOeweeneenenesese 104 — .029 —_ — .031 —_— .019 
78; LeRitgtOn, Viissccce ee soc csanave cs wisiseaees avetieuadswenwdicceseuds 126 324 — .0% - — .047 — .01l 
172. Clitton: FOree; V Ge eccccctc iis cece cee cee es eiiaty ton sta a reaebes 157 325 — .034 =_ — .065 =— .02 
L North Haro, Vt. cco acco cers ee ae Ses oti ee ees 167 35} +.001} — — .004 . 000 
Ky Oe ee ae ee a a ee ee ee ee ee ee ee ee ee a ee eene 180 193 — . 024 —_ - -042 = -020 
131. Little Falls e ee eee ee ee ee eee ee ee eee ee ee ey 198 137 = - 024 — — . 088 = 08 
155, Knoxville, Tenn...........-0c--cccscceeccceseccccccsccceeceees ee 200 20) — .021 = — .045 — .014 
OO, Waste, S. Dak sico0560scsaGe sven csacu ssaescsccenvassoopacanesiedeas 201 706| +.030) + — 052 + .025 
63. El] Paso, Tex..... COOP MOH e mH ae Heer ea moensewonecererererenereeseee 205 1146 + 007 + — elll fe .016 
198. Edgemont S; Dak) ..3205ssccctwase ies ele aeons ‘ 208 1066 + .054 + .054 — .067 + .050 
113. Heppner, 0 NCEA EAE CLS 5G I Opa : 264 508 | —.027| —~.030] — .093 — .028 
130. Whi Dec g020 5s auacvks cet ceo) tasncee ub eok eke eeetGeewe 290 38 — .039 — .037 =— .047 = .043 
112. Olympia, Wash........00..00cc0cc ccc cee ecc cess cs eeseneceseeecees 306 19] +.033/ + .020] + .026 + .029 
TO, Boulder, Mont 6550.5 sua oiteceun epee sha aca Vooseuceuees 307 1493 — .015 — .006 = .181 — .014 
111. Skykomish, Wash... ............ 20.2 cece eee ee ce eee cece ee ence ees 322 280 — .028 — .010 — .087 =— .067 
117, Guernsey, Wy0...........00cscsccccs csc sccssesecssececcssnecesees 324 1322] + .036/ + .035| —.113 + .028 
115. Winnemucca, NOV... 2.0.2.2... cece ccc ccc e ence cen ccenccecccences 346 1311 — .009 — .006 =— .150 — .005 
109. Shietidans W 70 qos 66s Sessa nb cad enka seer eek eke Seabee teas 378 1150 + .032 + .085 — .116 + .009 
82. Rock SpringS, WY0........20... cece eee e eee cc eec ce eencecessenes 379 1910 +.018] +.0200]/ —.191 + .020 
45.. Guntiisonl, COlO ac csccsdisiccsesece eae dese eed i ole esecceetaciesuceve 380 2340 + .020 + .087 — .229 + .027 
194, Huntley, Mont..........0..0sccsccscccsssseseresccresscescreecens 385 q10|; + .011| + .007) —.105 — .003 
42. Col o Springs, Colo Peres eee eee ener raw eceereaae sees eeeneresesses 420 1841 = . 007 + 003 = - 188 — - 006 
195. Lander Cit Seoeeseresecesnscve Oe ee mmc ween esc er ener erenenscene 536 1635 + 010 + 024 —_ . 182 — 001 
49. Balt Lake City, Utah... .............ssccsscecsccsccsccscccccneees 570 1322| +.010| +.011] —.146 — .028 
44. Denver Colo...... ee eee ee ee ee ee ee ee ee ee ee ee ee ee ee ee 574 1638 —_ 016 —_ 016 — - 182 - 023 
79. Boise, Idaho.......... OER Ran UIE ROE Sa EP ERE 575 g321| +.008| +.002) —.117 — .026 
78. Sandpoint, Idaho...............00cccecccccceccccccececccceussceee 588 637 + .002 .000} — .105 — .034 
6. Gran Canyon, Ariz See eee ene nt senses eeseertswaseneneeresrenesneeoseen 824 849 - .010 = 001 —_ 173 —_ . 098 
46. Grand Junction, Colo. ........ 0.2 ccc cee ccc cece cece eens cen eeees 850 1396 + .024 + .0%4 —. — .019 
47. Green River, Utah........... 0.2 c cece ccc cece nec e wesc eeeees 870 13443 _ 026 — .180 — .056 
Mean with CO SleT oho S sn Sh ce eck ie an ain Sa 0 eee nae eceen sd Seeeeeeecues 008 
Mean without regard tO sign. ...... 22... ccc cee cc cece c nce e clan cccccccccslcceeneccces . 108 024 


Eleva- 
tion of 
station 
5 minus 
Number and name of station a His In free 
on air 
within (9o—70) 
100 miles 
Meters. 

71 18 + .003 + .016 + .028 
116 10 =— .021| — .003 + .007 
101 33 + .040/ + .045 + .063 

§2 683 — .001] + .015 + .035 

61. 139 + .021] + .038 + .060 

48. 147 + .004] + .021 + .036 
152. 180 — .005| + .009 + .020 

60. 249 = - 002 + O17 Sm 044 
98. 265 + .021] + .034 + .062 

64. 288 -_ -050 -_ 040 _—. 004 
20. 291 + .010[ -+- .022 + .059 

86. 306 + .006/] + .016 + .046 
103. 427 - 029 —_— 012 + 033 

75. 468 + .052 | + .062 + .104 
68. Yavapai, 512 + .001] + .012 + .043 
114. 512 =— .028 000 + .0387 
55. Mount 1202 —- .003 | + .013 + .125 
102. Cloudland, 1324 + .004/ + .021 + .142 

43. 2035 + .021| + 5 + .216 

Moan with reward to slon .iocc ihc she sea sen Sow avenged re cdas ce taweeee ioe etn wewies dl ete uneeean + + oS 


Mean without regard to sign... 2.2.2... eee eee cee cece ence e eres cce|sccescseweloncccesces 
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Mean anomalies. 
WITH REGARD TO SIGN. 


Mean anomaly. 

Number 
Hayford, | Hayford 
of stations | #agrord, hts , 


1 
depth, depth, 
113.7 km 60k 


27 
Btations near the Coast « s< isc can sacs Sco ctcctiocscevecoctecdeeeleetrsiceusdescewecdese 46 
Stations in the interior, not in mountainous regions. .............. 0.0.2 eee eee ees 88 
Stations in mountainous regions, below the general level........................05- 36 
Stations in mountainous regions, above the general level ....................-.0008- 20 
All stations (except the two Seattle stations) ......... cc. cece cece e ce wee e cece 217 


Stations near the Coast. nc... os sx sss ose hettaw ecoiw de keeet eenees Sei ccdease Sicurees see 
Stations in the interior, not in mountainous regions... .............0. 2. cece eee nee 
Stations in mountainous regions, below the general level... .................-..005- 
B8tations in mountainous regions, above the MOV Ol oo nc acta etnct dew eoawces 
All stations (except the two Seattle stations)...........----scccccccccccccecececeree 21 


SSeS 


~<" 


210 StAUIONS soos icc Se bese See dase eee Sa Bos Se hee ees eee ee =—0. 003 0. 000 —0. 037 +0. 013 
gn stations : - 020 - 020 - 050 - 026 
217 stations (Seattle stations omitted) . . i + .013 

e e - 025 


Mean with regard to sign 
Mean without re to si 


The mean anomalies with regard to sign for the Bouguer reduction show a remarkable 
range in values from +0.017 dyne for the coast stations to —0.110 dyne for stations in 
mountainous regions which are above the general level. The other classes of topography have 
mean Bouguer values which fall between these extremes. The value which is nearest zero is 
for the stations near but not on the coast; that is, on the coastal plains. The effect of ignoring 
the compensation here should have little effect as the topography is in general very low. We 
may conclude that there are decided relations between the Bouguer anomalies and the character 
of the topography. Therefore it is certain that the earth’s crust is not rigid with the oceans 
and continents held in place as a result of its rigidity. The Bouguer method is certainly not 
based upon correct principles. 

The free-air anomalies have means with regard to sign for the five topographic groups 
which range from —0.008 for mountain stations below the general level to + 0.058 for those 
mountain stations which are above the general level. The coast stations and those near but 
not on the coasts have mean anomalies, with sign considered, of +0.017. The stations in the 
interior not in mountain regions have a mean of +0.009. If the mean of the 1912 and 1916 
values for the gravity at the equator, which is 0.009 dyne greater than the Helmert 1901 value, 
had been used, the mean of the anomalies by the free-air method for the stations in the interior 
and not in mountainous regions would have been zero. This is as one might expect, for the 
effects of the distant topography and compensation are not large (see tables on pp. 20 to 48) 
and the effect of the near topography on a plain is almost exactly balanced by the isostatic 
compensation. It is a fact which should be kept in mind when studying the effect of topography 
and isostatic compensation that the attractive effect of a mass of uniform density, of great 
horizontal extent, and of a uniform thickness is the same as for a mass of a much greater thick- 
ness, with a correspondingly smaller density and the same great horizontal extent. As an 
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example, a disk of material 100 feet thick of density 2.67 and 1000 miles in horizontal radius 
will have practically the same attraction as a mass 100 000 feet thick with a density of 0.00267 
and as before 1000 miles in horizontal dimensions from the center of the disk. Therefore we 
have the attractive effect of the topography of a plain of great dimensions exactly or nearly 
balanced by the effect of the compensation. (See p. 72.) 

The mean of the 1912 Hayford anomalies with regard to sign is only —0.002 (omitting the 
Seattle stations) and the mean value for each of the five topographic groups is small except one. 
The mean of the coast station anomalies is —0.009. This mean anomaly may be explained in 
part by the fact that nearly all the material along the coasts belongs to the Cenozoic or recent 
formation, and authorities give its density as ranging from 2.40 to 2.50. (See table on p. 215 of 
‘‘The Strength of the Earth’s Crust” by Joseph Barrell in Volume XXII of Journal of Geology.) 
This material is no doubt of considerable thickness at many parts of the coasts. It is shown 
on pages 70 to 83 under the heading ‘‘Relation between the gravity anomalies and the geologic for- 
mation” that the presence of light material in the earth’s crust near a station would tend to make 
the computed value of gravity too great and the difference between the observed and com- 
puted values would tend to be negative. If we should eliminate from consideration the coast 
stations or assume that the value — 0.009 is explained by the presence of the Cenozoic material, 
then the mean with regard to sign of the anomalies for the various topographic groups is 
never more than 0.003 dyne from the mean for all stations, and three of the groups have means 
which are only 0.001 from the mean of all. The total range in the means with regard to sign 
for the various groups, ignoring coast stations, is only 0.004 dyne. This is very different from 
the range in the means for the Bouguer and the free-air anomalies. It shows that this method 
is very much closer to the truth. 

The means for the Hayford 1912 anomalies for the various groups without regard to sign 
vary only slightly. The lowest is 0.017 for mountain stations above the general level, and the 
largest is 0.021 for stations near but not on the coast. The mean for all is 0.019. The mean 
of the Bouguer anomalies without regard to sign for the several groups varies from 0.021 for 
coast stations to 0.111 for stations in mountainous regions above the general level, while the 
free-air anomalies vary from 0.022 at coast stations to 0.059 at stations in mountainous 
regions above the general level. 

We must conclude that the average size of the anomalies without regard to sign enidigates 
that there is no relation between the Hayford 1912 anomalies and the topography. 

The Hayford 1916 anomalies give substantially the same evidence in favor of isostasy that 
is given by the 1912 anomalies, but it is difficult to see which method of reduction is nearer 
the truth. 

The mean value for the 1916 anomalies with regard to sign for 217 stations is +0.001. 
The mean anomaly for the coast stations is —0.003, which is different from the mean by 0.004. 
For the 1912 anomalies the mean coast anomaly differs 0.007 from the mean of all, which is 
— 0.002. This may be considered as being in favor of a depth of 60 km. as against the depth of 113.7 
km. But, as stated above, and also on pages 76 and 77, the material near the coast belongs in gen- 
eral to the Cenozoic geologic formation which is less dense than normal (2.67). The presence of this 
less dense material makes the computed value of gravity too great and the anomalies negative. 
The effect of reducing the depth of compensation to 60 km. is to give the compensation of the 
oceans less effect at the coast stations, the computed gravity is less, and the negative anomalies 
are reduced in size on an average. It is questionable whether the reduced size of the mean 
anomaly with regard to sign for the 1916 reduction is evidence in favor of the reduced depth of 
compensation. 

The means with regard to sign for the 1916 anomalies in the groups near the coast, in 
the interior not in the mountainous regions, and in mountainous regions below the general 
level, are practically the same as for the 1912 anomalies. Hence there is little evidence from 
these i in favor of either reduction. 
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There is a decided difference between the mean with regard to sign for the 1912 and 1916 
anomalies at stations in mountainous regions above the general level. The former is only 
+0.001, which shows no systematic error, while the latter is +0.016, which, on the other 
hand, shows a great systematic error. 

The change in depth from 113.7 km. to 60 km. does not make a material difference in the 
effect of the compensation for the stations in mountainous regions below the general level if 
there is loca] compensation of the mountain masses. (See p. 108.) The table of individual 
values for the anomalies on page 66 shows that for this class of topography the anomalies are 
nearly the same for the 1912 and the 1916-reductions. 

The table on page 66 for stations above the general level in mountainous regions shows 
that there is little or no similarity between the anomalies by the 1912 and 1916 methods. For 
the first method there are 9 stations of the 20 with negative anomalies, while for the latter 
there are only 4. There are only 3 of the 1912 anomalies above 0.030, while there are 6 of the 
1916 anomalies. 

If there is local compensation, then the effect of reducing the depth is to make the effect 
(negative) of the compensation greater and the computed value of gravity at a mountainous 
station less. The sign of the anomaly would in consequence tend to be positive. This is what 
we find to be the case. If the compensation is regional, then the effect of changing the depth 
of compensation is smaller than if the compensation were local. 

It is believed that from the above evidence the conclusion may be drawn that the depth 
of 113.7 km. is nearer the truth than 60 km. in mountainous regions, and that local distribution 
of the compensation is more probable than the regional if the latter distribution extends to great 
distances from the topographic features. This agrees with the evidence given under the heading 
“ Regional versus local distribution of compensation.” (See pp. 85 to 92.) The data and 
discussion on pages 97 to 131 in connection with the anomalies for various depths should be 
considered in connection with the data given above. 

It is believed that the further conclusions may be justified, that there is a relation between 
the coast topography and the gravity anomalies by the 1912 reduction, this relation probably 
being due to the lighter material in the earth’s crust below sea level, and that there is also a rela- 
tion between the topography and the gravity anomalies at stations in mountainous regions 
above the general level for the 1916 method, this relation being explained by the erroneous 
depth of compensation for this method (60 km.). 


Chapter V.—RELATION BETWEEN THE GRAVITY ANOMALIES AND THE GEOLOGIC 
FORMATION. 


Surface densities are known to differ somewhat from the mean surface density and these 
differences will sometimes occur over large areas. They should cause, therefore, some varia- 
tion of the value of the intensity of gravity from the normal. As the surface densities vary 
somewhat for the different geologic formations, a study was made to learn whether there is any 
relation between the Hayford gravity anomalies and the surface geology at the stations. On 
page 215 of the Journal of Geology (Vol. XXII, 1914) Barrell gives the following estimated 
mean specific gravities of geologic formations: 


Pre- Cam briai ssh oe 3 oo aoe ee ede uaa tee dle See atee aes 2. 75-2. 80 
Paleozoic and Mesozoic............ 2. cece ccc cece ce cece cece ence cece cece cacncccecccececs 2. 50-2. 60 
CONOZONC ois oon ois eons ware ind oh Ca Sia eee ce OE ee eins a Sos Swe ta a a ee ane 2. 40-2. 50 


The author presents the data in the tables following, which may be used as the basis for 
investigation by others who are interested in this subject. The tables give data for the 219 
stations in the United States, 42 stations in Canada, and 73 stations in India. For all of these 
stations the 1912 Hayford anomalies have been computed and are given. 

The stations in the United States and in Canada were plotted on the geologic map of 
North America which bears the following title: ‘‘Geologic map of North America, compiled 
by the United States Geological Survey in cooperation with the Geological Survey of Canada 
and Instituto Geologico de Mexico, under the supervision of Bailey Willis and George W. Stose, 
Scale 1:5 000 000, 1911.”’ The decision as to the surface geologic formation on which the sta- 
tions are located was based entirely on this map. It is probable that the classification would 
differ occasionally if other sources of information were used. The writer believes, however, 
that only minor changes would be made in the tables given below and the conclusions drawn 
from them would not be materially changed. 

The Indian stations were plotted on a geologic map taken from the pocket at the back of 
‘‘A manual of the geology of India,’”’ by Medlicott and Blanford, second edition, revised by 
Oldham, superintendent Geological Survey of India, 1893. 

The tables give the stations and the Hayford 1912 anomalies for each of the formations, 
(1) pre-Cambrian, (2) Paleozoic, (3) Mesozoic, (4) Cenozoic, (5) Effusive and Intrusive, and (6) 
unclassified. 

In the tables for the United States the 1912 and 1916 Hayford anomalies are given. The 
former are based upon the United States Coast and Geodetic Survey formula of 1912, viz, 


¥o = 978.038 (1+0.005302 sin? ¢—0.000007 sin? 2¢) 


which gives the value of gravity for any latitude at sea level. The compensation was assumed 
to be uniformly distributed and complete at a depth of 113.7 km. The 1916 values are based 
upon the United States Coast and Geodetic Survey formula of 1916 (see p. — of this volume) 
viz, 

Yo = 978.040 (1+0.005302 sin? ¢—0.000007 sin? 2¢) 
and upon a depth of isostatic compensation of 60 km. 

The relations between the gravity anomalies and the geologic formations in Canada and 
India are considered later (pp. 80 to 82). The anomalies given for these countries are compar- 
able with those shown in the following table for the 1912 formula and depth of compensation. 
It will be shown later in what measure the relations for the stations in those countries confirm 
or negative those in the United States. 
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RELATION BETWEEN THE GRAVITY ANOMALIES AND THE GEOLOGIC FORMATION FOR STATIONS 


IN THE UNITED STATES. 


Stations in the United States and Hay ford anomalies for specified formations. 


Hayford anomaly Hayford anomaly Hayford anomaly 
Formation and station | CCCC~‘“‘C*i):«#CWFrormanttion and station Formation and station | 
number number number 
1912 1916 1912 1916 1912 1916 
|; 
Pre-Cambrian formation: | Paleozoic formation—Con. Cenozoic formation—Con. 
BG Spe pee a lgneu eens +0.015 +0. 017 | «| Se eet ee renee —0. 025 —0. 027 ONG iey os eeeacianks —0. 044 —0. 042 
WA seins ccs cokes. + .022 + .025 TS cecccscedeasseuees + .015 + .015 OG se Stes Sees oc Ges + .001 — .002 
C *, en reoEReraee rerer ene + .021 + .045 | 1. Yee eee — .050 — .051 Ol fe scecsaweeneéesnces — .012 — .013 
WS cadecedacnuescee + .020 + .037 IRS ccc ecceeeeenewess — .049 — .048 Re ae a ea eRe — .016 — .013 
Of Mee eine Bache es Seess + .038 + .O41 BUA eck oe bese ebuees — .0277 — .028 BOO ese ie weiss eacuass — .017 — .016 
GBS cede satiated cee + .023 + .023 WG iiss oe ce wedwsctess + .06 + .065 ) (tT + .032 + .085 
DOs cata sadahibe eee ce + .052 + .062 WON eck s ieeGiedscavees — .026 — .025 Dee ete cereus dara + .033 + .029 
(1 7 RPS cee ere ree + .004 + .021 WOE facies ncen eee pent — .020 — .026 | reer — .009 — .006 
LOT es wen cca wo egs ox + .024 + .026 WB edsdsccscewer couse — .008 — .008 BT Biiegsidcs oe teeancus + .03%6 + .035 
152 ee Re CE Te ee ae ee — 005 + 009 210 TYEE ETT —_= .029 —_ 027 125 ee ecesocerecseccacvevse _- . 023 = O18 
) | |, ERR ene ee OL Ca — .0%6 — .02 Bh ois Cowescres ceeeues — .023 — .022 126: boowcexeicee esas — .022 — .016 
UBS ic sleet eve wel te ts + .012 + .012 BD ii vedi Seaeaws — .049 — .046 ) Vy Sara Ore ten seer Reser en — .014 — .007 
|) een ee ee ene + .Ol1 + .008 | Ey pee eee ni an ee ee + .0Ol1 + .000 
Perna dimen eCatteies + .050 + .049 || Mesozoic formation: 144................22.] — .006 — .005 
10 Como rrccccnccceeccace —— 008 = .008 145 wea eerseccccveseccce + 014 + .016 
Paleozoic formation he eee =— .010 — .010 
| Ee ne ee eee — .027 — .028 Y < ERN See det cere es — .011 =— .008 ) | | Rep are ren eenn rete — .018 — .012 
14 See ee ee es + . 026 + . 028 y+) Pees eccccvesnerecsgenes — 019 —_ 016 149 eeoeeecncnerecevecser —-= . 031 — 024 
> | nara een nee + .010 + .022 WD oo ree aciectceeie tans + .014 + .012 NG icwrssmetasscenweees — .036 — .026 
Y | eee ee seen + .005 + .008 ) E, See enee r — .017 — .010 
DOs ees c ates Seeds ee + .005 + .000 OB ior deckvsntekeddias — .007 + .008 WOO. idee ince sr ce — .001 + .007 
OG eis tote reccre het veo gedit + .024 + .024 
32 Cero vrecccsrenscnnecces -_ 023 -_ .020 47 Pecans ccccanccccceces = 021 —_ 026 160. asec ccnccceccccncee —_ 014 —_ .- 008 
Bos vke venvedesnecsaess — .003 — .003 WA soo 5 ci oe setedees — .0B — .010 WG) yo ocawe ced indte — .@i — .016 
34 Or a ee ee ee ee = .019 —_ .019 55 Peewee ersesracevrececsor —_— 008 + 013 163 CC eens cccececcecseccece + 002 + 005 
BO vce ok te ceases wer — .000 — .010 NG4cesion sk Sebedecse: — .014 — .010 
36 Ceres eeenccccencevere _— 007 — .000 60 6.60 6 oa 0's 6 0806.06 6 6 e566 + O01 -_ .008 167.... eeeecceseccccave = 012 —_ .012 
Doce te dasrerwmedan od + .61 + .035 
Boies tae tag eteetsen — .005 — .005 Wee beers Sok wows scene — .013 = .001 | |. SA epee ene eS + .013 + .012 
ON be oaltcis we iartees Sux — .005 — .007 y 9 DAMES eran era em ae eee + .008 + .016 WOO es eeseelaeasees + .017 + .015 
OO sai seen veo ncoud see — .016 — .018 ASisseteccuseweweledsd + .005 + .004 |] 206................... + .018 + .020 
| | Ae Peer a Me gene ae + .019 + .015 >) b: Ree een ae ee nae + .013 + .016 
61 PCaneesreracresrescescces —— . 029 _ . 028 TTese eeacecacrecvces e@eee + .020 > 024 215 eeweeeeerecrocecaccecce — 029 = . 023 
Ql.. Perce r cesses ecacces + . 0836 «fo 038 217 Cec cenececceeseceoes = - 010 — - 006 
72... eee cevrcccesscecos + . 032 + 034 4 Pmeececrececceccceeeece — 017 —_ 017 
TAs iach aw eiwon cee. + .050 + .057 MOB 525 oe Gos gee oe — .006 — .008 |] Intrusive formation: 
y |, ere a ee eee + .002 . 000 MIB esate s octacess + .014 + .000 Devvsecetntecse eewidees =— .020 =— .015 
85 Peeve reeveevrereveeorvres + .001 = . 002 31 eeecereeerevneaeeeneveesn a . 008 — -007 
OR ini oakecheu tees — .010 — .013 MBO oi iecedave eens as + .003 + .00 DO ieccies ices een taanes + .006 + .016 
162 Pr ee ee + .019 + .021 103 Peer evrersreccvccnccee = - 029 — 012 
Desa ke cb beteee esas — .020 — .019 BOB s is dwtcctuweaeees + .012 + .000 
ot Ee ae rere ee ae — .052 — .051 | 7 gen es eee wee + .015 + .014 ME cacvenvnw see eens — .028 — .019 
MOR oe eos ee + .040 + .5 LBB oie eiswe eas eeceent + .085 + .036 ED otic cterwnt sees a + .025 + .0320 
MOR iat etedeees — .0%4 — .024 BA i cease See Sia cat — .038 — .034 
LOG ioe ieeor eed cca e es — .021 — .017 LOO sidwsaiediewivtws - 082 + .000 
MB oiedceccdeacwead + .019 + .015 || Effusive formation: 
MG io sedcese cans eete — .013 — .014 | |: nae ere eee + .00 + .028 OO siescuwicksarseeawees — .002 + .017 
sD | REE eee anal Pee eS + .015 + .013 M8. es wdesenteemwdwr + .O11 + .007 Dla veceecwanaweenl + .021 + .038 
) 1 eee nerire nee Bs — .008 — .008 Mb 4 wed cua iwiisenk + .019 + .004 Bees cscs cavtesbun — .00l + .015 
TA. ob ct ceenced es + .002 + .002 Sl isisweawaticescsesete — .010 + .000 
NEB e sce scuetaweenetees + .0ll + .012 LD so kescketlinsnsiss + .006 + .005 
WOR oda cocetveceasScus + .054 + .O%4 || 98.................... + .021 + .0364 
NSS eo opesewterisdwes — .043 — .041 DO Sine neviueniva aes + .006 + .005 +) [| Ree eco e peemn ee — .015 — .006 
TA occheneeeeinnreess — .033 =— .027 Wl eco eee uote wees + .030 + .026 | OF, Seep reOn Dien meee etree — .027 =— .030 
| Se ne renee — .015 — .013 MO ooo eceeeicce see eevs + .021 + .02 AG eivcecdvecieawesss — .028 -000 
j | ne eee ere — .018 — .011 BiG via sisdcieetcawsecass + .005 + .007 
| | A en he en — .@9 — .07 Unclassified 
Cenozoic formation: | aS epee er eere eee + .030 + .027 
WO h oie iwcacee inked ies — .024 — .021 Pitas cate sete s + .005 + .015 | | ene nn aPC ee — .023 —..021 
BSB isis ois cates Somes — .025 — .024 Doe ctxah cma se ue es + .018 + .027 AO occ cicadas saaeece — .013 — .0ll 
| | % PARA a re — .030 — .0% Disiec sch eevee sh vews + .010 + .017 ) ) ee pee ener mere + .087 + .08 
ROA ie kiccaeias news — .027 — .027 A iwceus seeetwidnseos - 000 + .004 DO iG deeatcoe Se wewwe + .039 + .040 
135 ee ee ee ee =_ 024 —_ .02B 5 ePeoeereeerecesereeene _ 013 oe, -010 
A a ee re + .024 + .027 
feeds Mecha ete — .012 — .0ll Bcc cccccccccccceceess| $f 016 + .017 Fo wedxtcn cvecuiwesnh. 2022 + .025 
AS leccdds tcetceoucewes + .001 + .002 baa ee eee oad eeesen — .009 — .00 OD ale tne eeeineea sce — .012 — .000 
j (| eee ee gre es — .016 — .017 Beeiuateenewen sc ee sies: + .027 + .030 r | eer ree reson + .004 + .021 
jk) eee ee + .011 + .012 | eee ee na mene mS — .020 — .022 WO vsenec ete whewnxeess + .010 + .0l11 
Wiech avenues: + .016 + .016 Disa chia accede s nea — .021 =— .016 
67. eeaecaecneesecescsvene — 013 — 001 
NA soe dccet oes Ghewks — .016 =— .018 nttcdcucsaaccuseces —. =— .006 ON ic ce ee eeu ae + .001 + .012 
143 SSCHeeerescesecrceses + .018 + .018 44 eee eesescaceceserceces - 016 —, 016 ft] eeeerecvecccerncccecce - 010 = 001 
EGS vise oiocuseswasaae =— .02 — .020 Dine tee sicastuaeceass = — 100 ee eorccvee|  .087 + .030 
ROO Sse wevaceseeeedess — .021 =— .019 OO vicosemacmaus veeens 7 . BF oe fence + .021 + .021 
LG cadcs owe eceeese — .015 — .007 O6 sits dence ceceuceans + .007 + .010 
116. Seeccccccsresseeene _ . 021 = .008 
MOGs agi scasceuseteed — .023 = .021 OOo is oes iwe ees, — .050 =— .040 WAG. Sescedecieiaee css + .003 + .005 
| (| Ore ers Pee + .013 + .013 OD iach ee ewestoceees + .009 + .006 | Ly Geer ene Meee ees + .013 + .016 
| | Ran CPt pree mean eS + .006 + .007 OOs.662oeeoatiexeeas — .050 — .049 NTO swies ee wwudeseatnes — .Oll =— .000 
| 9 Fea anne nem ren? — .030 — .02 i (: Seen ete een aera ae + .002 .000 DBD eas acicuiscue weesees — ,042 — .042 
Me ieee cere Ses — .034 — .027 (Meee ce eteeeeccus + .008 + .002 
WOO odo icccte cate + .017 + .015 
RBs dessa Leweeieinee — .&3 .030 BOS seine eaew apices -| — .O13 — .010 WOO iss ewisn tas onwsios + .002 .000 
WI Dociiecctadaweatreeie< — .02%4 — .019 |v en RD na er Oat + .013 + .020 MO cic cciecedesaSean’ - 034 + .036 
NWiscweveauscseccient — .024 . 022 BOs eSiss we ces slick vigus — .006 — .005 Bi oisida vevaekeeeaeeaee . 046 + .048 
WU sie seats We eee + .001 .000 WO oe iisdceereceedsn tees — .048 = .039 1 Pierce pen reenter + .036 + .037 
NiBivcscstsceccwe veces + .001 + .002 Dees etc eecetas ses + .010 + .015 >) |. SERRE near aE eae era + .081 + .081 


@ These stations are near pre-Cambrian formations. 
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Stations in the United States and Hay ford anomalies for specified formations—Continued. 


SUMMARY. 
Number of stations Mean anomaly 
With plus |With minus With regard | Without regard 
Geologic formation anomalies | anomalies to sign to sign 


ce nel NE We ee ee a 
1912 | 1916 1912 1916 1912 1916 


Pre-Cambrianin.coocck os cecceans foaen tecad bee eodieuls esata peewdesaeeaanaes 2 1 14 |+0.019 |+0.025 | 0.023 0. 028 
POOL ONG seco sso se ate BN ae ek are hs ee teen ane ee eet OS aed ed 49 72 |— — .010 .021 020 
MEGROE ONG nonin es ode ie a ae ee Ud SSE Fe ee ee a ee 5 ll 10 36 j+ + .Ol1 017 017 
COLIOLOIC Goins cde chia eae Rea ae Maa we Oa te hee eek ene ae edaee 32 32 55 |— .007 |— .004 - O19 018 
CanOr Ol Oi eens coe ei aa Se ei ae chat ta Be nan y ect ae 31 31 54 |— .006 |— .003 .018 016 
TOUTISIVG «2 o0hek Su cee Sea Ce Re ai eres cae eis aw ethee Gee 5 5 7 |— .013 |— .006 . 022 019 
Op 0 A) 6 - nnn a ne TS I re ER Ere 6 2 8 |— .005 |+ .010 015 019 
Eira dac StS Sag tt as a Reacts ea as eines ae hah Oe mec ee rte ara etd ela A Sais 8 8 26 |j+ .010 [+ .O14 -021 021 

All stations 113 108 218 i— .002 - 000 - 020 -019 

All stations 5 112 107 | 217 [— .002 /+ .O0l -019 -019 


3s Counting the two Seattle stations as one. 
b With Seattle stations omitted. 


ANOMALIES ON PRE-CAMBRIAN FORMATIONS. 


In the above summary it is seen that there are 14 stations located on pre-Cambrian forma- 
tions and that 12 have positive and only 2 negative 1912 anomalies. For the 1916 anomalies 13 
are positive and only 1 negative. This seems to be very strong evidence that we may expect 
positive anomalies at much the greater number of future stations in the United States which 
may be located on the pre-Cambrian formation. It is noteworthy that nearly all of the pre- 
Cambrian stations in the United States are located on very small areas of that formation. 
This may give some clew as to the cause of the large positive anomaly. 

If the density of the upper strata of the earth’s crust for large distances (horizontal) from 
the stations is above normal, then the effect of this greater density, which will tend to increase 
the gravity, will be offset by the opposite effect of the compensating deficiency of density in the 
deeper crust. This is due to the fact that the effect of a certain amount of material in the form 
of a disk of infinite horizontal extent is the same on a unit mass of matter whether the unit mass 
is immediately above the surface of the attractmg matter or at an indefinite distance above it. 
Therefore, if we should have a stratum or mass of pre-Cambrian material of density 2.90 at the 
earth’s surface directly undcr the station, and of great or infinite extent horizontally, it would 
have the same attractive effect on the unit mass as if this matter were distributed through a 
great vertical distance but had the same horizontal extent. Therefore, if the dense material 
at the surface were compensated for by a deficiency of density in the lower crust, the positive 
effect of the former would be exactly counterbalanced by the negative effect of the compensation. 
Hence, we should not expect a decided positive anomaly at a pre-Cambrian gravity station should 
the formation be of uniform thickness and of great horizontal dimensions. This statement is 
based upon the assumption, which may be substantially true, that the area in question is in a 
state of perfect isostatic equilibrium at the depth of compensation. 

If, however, the area of denser material is limited in horizontal extent, then the effect of the 
added material, being inversely proportional to the square of its distance from the attracted 
unit mass, will be greater than the negative effect of the compensation. Therefore, if there is a 
compensating lack of density in the lower crust, the resultant effect will be positive and we 
should have a positive gravity anomaly. The size of the anomaly will depend upon the thick- 
ness of the stratum of pre-Cambrian rock, its density, its horizontal extent, and the vertical 
location of the compensation. 

In Special Publication No. 10 (pp. 110 and 111) there are given some numerical examples 
showing the effect of strata of various thicknesses and densities. 

It should be borne in mind that in making the gravity reductions no numerical values are 
given for the densities in the earth’s crust below sea level. (See p. 8.) It is assumed that the 
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densities in the crust under the coastal plane at sea level for the various strata are normal, and 
that these densities are modified by the isostatic compensation under the topography of the 
interior of the continents and under the oceans. It is only the deviations from the normal 
densities in the crust below sea level which are considered in these investigations. 

The effect of masses in different locations with reference to the station is indicated in the 
following table, which, with some additions, is reprinted from page 109 of Special Publication 
No. 10: 

Table of attractions for vartous masses. 


[Each tabular value is the vertical attraction in dynes produced at a station by a mass equivalent to a stratum 100 feet thick, of density 2.67, and of 
the horizontal extent indicated in the left-hand argument, if that mass is uniformly distributed from the level of the station down to the depth 
indicated in the top argument and from the station in all directions horizontally to the distance indicated in tho left-hand argument.] 


Radius of mass 


ee | ee | gee ere TEE | ae ES ff ee 


1.28 km. (the outer radius of zone EB)... 2.0... cece cc ccc ccc ene nee c ee cnceeseneee 0. 0030 0.0018 0.0011 0. 0008 0. 0000 
5 km 0033 . 0029 0025 : 


Se Bai Geats wie ek dees Greece Wo cu bere o eee Seaen Kee DOSS oe Seek Fea eee Eee e we er ae eee Geuee es . ; . 0021 0001 
NO ee eek eho Bis Chae Po casi Sis Re le SE Ee ee See ctee eau Saeco eee ness . 0034 . 0032 . 0029 - 0027 . 0003 
166.7 km. (the outer radius of zone O). 2... ccc ccc ce eee cee ence wee ceeescewsesece . 0037 . 0034 . 0034 . 0034 . 0024 
1190 km. (or 10° 44’, the outer radius of zone 10)... 2... cece ence cree neneeecees . 0040 . 0037 . 0037 . 0037 . 0035 


It is seen from the preceding table that a pre-Cambrian formation 10 000 feet thick, with 
a density of 2.94 (just 10 per cent greater than the assumed normal surface density of 2.67) and 
10 km. in horizontal extent in all directions from a station on its surface will give an increase in 
gravity of 0.029 dyne. The effect of the isostatic compensation (uniformly distributed to the 
depth of compensation), the negative equivalent of 1000 feet of material of normal density 
(2.67), is only 0.003 dyne. The resultant effect is +0.026 dyne, approximately the average 
size of the 1912 pre-Cambrian anomaly. 

If we should have a pre-Cambrian formation 10 000 feet thick of density 2.94, as above, 
but of 166.7 km. horizontal extent in all directions from the station, the effect of the topography 
on gravity would be increased by 0.034 dyne, while the effect of the compensation of this excess 
of mass would be —0.024 dyne, and the resultant effect would be only +0.010 dyne. Now, 
if the foundation under consideration were extended horizontally 1190 km. from the station, 
the positive effect would be +0.037 dyne and the effect of its compensation —0.035 dyne, 
and the resultant effect at the station only +0.002 dyne. 

On page 80, under the discussion of the Canadian stations, it is shown that the anomalies 
at the stations in pre-Cambrian formations are not positive as in the United States. They 
differ little from the mean of all stations. The pre-Cambrian formations in Canada are of con- 
siderable horizontal extent, and therefore the effect of the increased surface densities is offset 
by the isostatic compensation. This agrees with the above reasoning. 

If there were many gravity stations on and near a limited area of pre-Cambrian formation, it 
might be possible to estimate from the results the approximate limits of the space within which 
the densities were above normal. But it must be borne in mind that the problem of determin- 
ing exactly the space or spaces within which there are abnormal densities which might cause 
the anomalies is not susceptible of mathematical solution. This is because there are too many 
unknowns which would enter into any equations used and arbitrary assumptions would have 
to be made. Of course, the problem can be treated mathematically and with greater numbers 
of stations in any given area the truth can be more closely approximated. 

It seems to be evident that the anomalies are not due simply to an assumed erroneous density 
of the mass above sea level, for at a number of pre-Cambrian stations the elevation above sea 
level is less than 1500 feet, and the maximum effect of a change in the density of 10 per cent in 
that mass would be only 0.005 dyne. The cause of the anomaly must therefore be located to a 
large extent below sea level in nearly all cases. 
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It is no doubt true that the deep-seated rocks have densities comparable with those of 
the pre-Cambrian rocks seen at the surface, but the cause of the anomaly at pre-Cambrian sta- 
tions seems to be due largely to the dense rock protruding through the materials of the upper 
crust which are of less density. 

The author does not mean to state that the whole of any anomaly is due to the geological 
formation, for there is probably in many cases a local lack of perfect isostasy which may pro- 
duce deviations from the normal gravity. 

It is a noteworthy fact that the pre-Cambrian stations in the United States show an excess 
of gravity in general, and that they are on areas which have been subjected to erosive action 
for geologic ages. We may conclude that as erosion has taken place there has been a rising 
of the areas due probably to isostatic adjustment. 

The 1916 anomalies, based upon a depth of compensation of only 60 km., are very little 
different from the 1912 anomalies, which are based upon a depth of 113.7 km. The former 
are, on an average, 0.006 dyne greater than the latter, and this is what might be expected 
upon the assumption of local perfect compensation. The fact that the compensation is closer 
to the station would make its effect greater, consequently the combined effect of the greater 
density of material above sea level and the compensating deficiency of material in the lower 
crust would be smaller than for the 1912 anomalies. 

The effect of a change in the depth of compensation is discussed on pages 97 to 131. 


ANOMALIES ON PALEOZOIC FORMATIONS. 


In the United States there are 72 stations in the Paleozoic formation, for which 49 of the 
1912 anomalies are negative and 23 positive. The mean with regard to sign is —0.011 dyne, 
and the mean without regard to sign is 0.021 dyne. 

The addition of 94 stations in the United States since the investigation in 1912 (Special 
Publication No. 12) has increased the tendency of the Paleozoic anomalies to be negative. 
A large area of the United States is covered by rock of this formation, and the 72 Paleozoic 
stations are nearly one-third of all the stations. 

The density of the Paleozoic formations is given by Barrell as 2.50 to 2.60. The average 
density, 2.55, is 0.12, or about 5 per cent, lower than the density used in making the computa- 
tions. The situation here is opposite to that connected with the pre-Cambrian formation, for 
the stations there tended to have positive anomalies. It might be assumed that the crust 
under the Paleozoic formation is not in a state of perfect isostasy, and that the anomalies are 
the result of the departure from that state. This view is probably erroneous, because the 
anomalies on very large areas of Paleozoic formation have negative values and would there- 
fore indicate decided regional deviation from the perfect condition. Most of the data contained 
in this report, including the anomaly maps, indicate that we have in the United States local 
rather than regional deviations from perfect isostasy. 

The tendency of the anomalies to be negative could be caused by the lower density of 
the material in this formation, as compared with the value used in the computations. If near 
a station in a Paleozoic area the density of the upper crust were below normal, say, 5 per cent, 
to a depth of 15 000 feet and to a horizontal distance of 10 km. from the station, the effect 
of this deficient density would be a change in the attraction of 0.020 dyne. The effect of the 
compensating increase in density in the lower crust would be +0.002. The combined effect 
of considering the local densities makes a difference of 0.018 in the anomaly at the station 
in question. 

The effect on gravity at a station due to using an erroneous value of the density of the 
topography, that is the material which is above sea level, would be small as a general rule for the 
average elevation of the Paleozoic stations in the United States is somewhat less than 1000 
feet. The effect of changing by 5 per cent the density of the topography to a depth of 1000 
feet and 10 km. in all directions from the stations would be only 0.0017 dyne. The effect of 
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the compensation of the excess of mass would be less than 0.0002 dyne. It is evident that the 
principal cause of the negative Paleozoic anomalies is lower than sea level in the earth’s crust. 

It is probably true that the lighter density of Paleozoic material is the principal cause of 
the tendency for the anomalies at stations on this formation to have negative signs. This is 
no doubtsupplemented by local departuresfrom perfect isostasy near stations with large anomalies. 

It is possible that the positive anomalies and the small negative anomalies are in areas 
where the Paleozoic strata are thin or which have material denser than normal underlying 
the Paleozoic matter. 

The 1916 anomalies for Paleozoic areas seldom differ from the 1912 anomalies more than 
two units in the last place and the mean anomalies with and without regard to sign are practically 
the same. This is as might be expected, for the Paleozoic stations are in general on low topog- 
raphy and, as shown on page 72 in the discussion of the pre-Cambrian stations, a disk of very 
great horizontal extent has the same attractive effect regardless of the distance of the attracted 
mass from the surface of the disk. In fact, the effect of the topography and its compensation 
are so nearly equal at stations in Paleozoic areas that the anomalies by the free-air reduction, 
in which no account is taken of the topography and compensation, are nearly the same as the 
Hayford anomalies. An erroneous depth of compensation used in the computation can not 
explain the anomalies in the Paleozoic formation. 

That there is in general a close approximation to perfect isostasy is shown by the Bouguer 
anomalies in the interior of the continent not in mountainous regions, for they are nearly all 
negative and are of considerable size, while the algebraic mean of the Hayford anomalies is 
nearly zero. 

The Paleozoic negative anomalies in general are probably due in most part to departures 
from normal densities in the strata in the upper crust, but below sea level, comparatively 
near the station, and to a less degree to local departures from perfect isostasy. 


ANOMALIES ON MESOZOIO FORMATIONS. 


Of the 36 stations in the Mesozoic formation, 25 have positive and 11 negative 1912 anom- 
alies. The means with and without regard to sign are respectively +0.009 and 0.017 dyne. 

Barrell gives the density of Mesozoic rock as ranging from 2.50 to 2.60. This is lower than 
the density (2.67) used in making the topographic reductions. There seems to be no evident 
relation between the surface densities of the Mesozoic rocks and the anomalies. If there were 
the anomalies would be negative rather than positive. 

That there is some relation between the formation and the anomalies seems to be well 
established, for the positive anomalies largely exceed the negative ones in number, and the mean 
anomaly with regard to sign is just one-half the size of the mean of all (219) anomalies with- 
out regard to sign. But the cause of the positive sign of the Mesozoic anomalies is below the 
upper strata. That it is regional to a certain extent is shown by the persistency of the sign in 
any extensive Mesozoic formation, such as in the Dakotas and in eastern Montana. But that it 
varies from place to place is indicated by the different values of the anomaly. For instance, at 
Edgemont, S. Dak. (station No. 198) the anomaly is +0.054 dyne and at Moorcroft, Wyo. 
(station No. 202) only 90 miles distant, it is +0.021 dyne. 

There, of course, may be departures in the Mesozoic areas from the state of perfect isostasy, 
but it is impossible with the present data to determine with any degree of certainty what por- 
tion of an anomaly is due to such departures and what is caused by departures from normal 
densities in the crust above the depth of compensation or even below that depth. The depth of 
compensation as computed from geodetic data should not be considered as very definite. The 
probable error of the determination is comparatively large. The change in the deflection and 
the gravity anomalies is comparatively slow with a change of depth and the value of the depth 
is therefore somewhat indeterminate. (See pp. 97 to 112.) 
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The anomalies at Cenozoic stations have a tendency to be negative, as is shown by an 
inspection of the anomalies at 55 Cenozoic stations in the United States. Only 22 of them 
are positive, while 32 are negative. 

Barrell gives the Cenozoic densities as ranging from 2.40 to 2.50 (see table on p. 70), which 
is less than the density used in making the topographic reductions. That a portion of the 
anomalies is due to the small density of the surface material and of the crust close to the surface 
seems to be evident. The size of the anomalies may be an indication of the space occupied by 
the lighter material. Where the anomaly is large and negative the light strata would probably 
be of great thickness and of small horizontal dimensions. The erroneous density could be the 
cause of the negative anomalies, provided there were no local departure from perfect isostasy. 

If the Cenozoic formation of small density is small in horizontal dimensions, and if there is 
perfect local isostasy, the effect of the light material in the upper crust and near the surface 
would be much greater than the opposite effect of the compensating increase in density in the 
lower crust. 

For instance, if the density of the upper crust to a depth of 10 000 feet is 2.40 (10 per cent 
less than the assumed surface density), and if the material extends in a horizontal direction 10 kn. 
from the station, the effect would be —0.029 dyne. The effect of the compensating increase in 
density in the remainder of the crust to the depth of the compensation would be only + 0.003 
dyne and the combined effect would be —0.026 dyne. If the lighter material extends 20 or 30 
km. from the station, the combined effect would be somewhat less, while if it extended 166.7 _ 
km. in all directions from the station, the combined effect would be only — 0.010 dyne. 

The cause of the large Cenozoic anomalies must be local, for there are decided differences 
in the size of the anomalies at pairs of stations which are comparatively close together. For 
instance, at Virginia Beach (station No. 90) the anomaly is —0.048 dyne, while at Crisfield 
(station No. 215) the anomaly is only —0.029 dyne. The distance between the stations is 
about 80 miles. 

It appears from the evidence above that we may gain from the negative anomalies of the 
Cenozoic formations some idea of the depth of the Cenozoic material at a station, and where there 
are many stations in any given locality of Cenozoic formation we may get an approximation to the 
horizontal limits of the affected spaces. For instance, it is reasonable to conclude that if the 
Virginia Beach anomaly is caused by a thick stratum of material of light density, and that if 
this stratum extends to Crisfield, it is considerably thinner at the latter station. The reasoning 
employed in the discussion of the pre-Cambrian anomalies on pages 72 to 74 would indicate that 
the large Cenozoic anomalies must be due largely to local causes, if it is assumed that an area 
under investigation is in a state of perfect isostatic equilibrium. 

The data in the table on page 63 indicate that there is strong evidence that the coast 
stations tend to have negative anomalies. In the table given on page 79 there are shown the 
anomalies at the Cenozoic stations back from the coast. Of the 19 stations there are 8 with 
positive and 11 with negative 1912 anomalies, but the mean anomaly with regard to sign is 
— 0.009 dyne. If, however, we eliminate the Seattle anomaly, which is — 0.093, and the anomaly 
of station 93 (Wilmer, Ala.), which is —0.044 dyne, there would be 8 positive and 9 negative 
anomalies and the mean with regard to sign would be only —0.001 dyne. 

This is practically normal on an average. It may indicate that the Cenozoic material in 
the interior of the country is not of great thickness, or that, if thick, it is of considerable hori- 
zontal extent, or that the materials under the Cenozoic stratum have densities which are greater 
than the normal. Of course, the anomaly may in part be caused by a lack of perfect compen- 
sation. The Bouguer anomalies at the 17 stations under consideration indicate that there is 
considerable isostatic compensation under these stations. 

There is evidently a definite relation between the coasts and the pravity anomaly, but 
it may be due to the presence of Cenozoic materials which extend along practically all of the 
coasts. The cause of the difference in the size of the anomalies at different stations may be 
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due to the varying thickness of the material and the varying horizontal dimensions of thick 
and thin strata. 

That the Cenozoic areas are undercompensated, as the negative anomalies might indicate, 
does not seem to be true, for the reason that these areas are areas of deposition in recent times 
and the areas have probably been sinking during the time when materials were accumulating 
on them. This deposition of material would lead one to suppose that the crust under such 
areas is heavier than normal. Undercompensation therefore appears to be improbable. The 
writer is aware that there may be even in areas of heavy deposition sections which are under- 
compensated, but this would be due to conditions existing before deposition began. 

The 1916 anomalies at Cenozoic stations show greater differences from the 1912 anomalies 
than they do for the other formations considered above. In most cases, where there are decided 
differences, the stations are on or near the coasts near where there is deep water. The com- 
puted effect, which is positive at a land station, of the compensation under the water is greater 
when it is farther from the surface, for the effect of lengthening the distance to the effective 
center of the attracting mass is more than offset by the increase in the sine of the angle of 
depression to the effective center. The effect of a mass in the earth’s crust on the attracted 
unit mass is directly proportional to the sine of the angle of depression to the effective center 
of the attracting mass and inversely proportional to the square of the distance. 

The coast stations would therefore have a smaller computed gravity with the depth of 60 
km. than with a depth of 113.7 km. Consequently the negative anomalies would be reduced 
in size and the positive anomalies increased. For the coast stations the new depth (60 km.) 
gives & mean anomaly with regard to sign of —0.003 dyne, while with a depth of 113.7 km. 
the mean is —0.009 dyne. The new mean is nearer zero, but it is uncertain whether this is 
an indication that the smaller depth 1s nearer the truth. The discussion above shows that the 
negative anomalies based on the old depth may be accounted for in general by lighter material 


in the upper crust. 
ANOMALIES ON INTRUSIVE FORMATIONS. 


The number of stations in intrusive areas is only 7, of which 2 are positive and 5 negative. 
While there are two and one-half times as many negative as positive anomalies, we would not 
be justified in deciding that there is a definite relation between the intrusive formation and 
the gravity anomalies. Many additional stations would have to be established on this for- 
mation before any decision can be arrived at in the matter. The mean of the 1916 anomalies 
is slightly smaller than that of the 1912 anomalies and this may be an indication that the new 
depth, 60 km., is nearer the truth than the older depth of 113.7 km. 


ANOMALIES ON EFFUSIVE FORMATIONS. 


On this formation there are eight stations and of the 1912 anomalies 2 are positive and 6 
negative. The mean with regard to sign is —0.005 dyne and without regard to sign it is 0.015 
dyne. The largest anomaly is only 0.028 dyne. Of the 1916 anomalies 5 are positive, 2 negative, 
and 1zero. The means with and without regard to sign are, respectively, + 0.010 and 0.019 dyne. 

There seems to be no relation between this formation and the anomalies, but the indications 
are very slightly in favor of the greater depth of compensation for the effusive areas. It would 
be of interest and value to have additional stations in areas covered by this formation. 


ANOMALIES ON UNCLASSIFIED FORMATIONS. 


These stations, as the designation implies, could not be associated with any particular 
formations, and it is not possible to draw any conclusions from a study of their relations. 

Of the 26 unclassified stations 18 have positive and only 8 negative 1912 anomalies. This 
is what might be expected for the mean anomaly with regard to sign of all the 219 stations is made 
practically zero (only —0.002 dyne) by the use of the 1912 formula. A greater number of 
stations are in the Paleozoic, Cenozoic, Intrusive, and Effusive formations, which tend to be 
negative, than in the pre-Cambrian and Mesozoic formations, which tend to be positive, there- 
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fore to have the mean of all stations with regard to sign nearly zero there would be a tendency 
for the unclassified stations to be positive. 

The 1916 anomalies, with depth of 60 km., are practically the same as the 1912 anomalies 
with the depth of 113.7 km. 

An effort was made to learn whether under any one formation the plus anomalies occurred 
more frequently in proportion in one subdivision than in others. No such relationship between 
the sign of the anomaly and the subdivision of a principal geological formation could be found. 
For instance, in the Quaternary division of the Cenozoic there are 11 stations with positive 
and 19 with negative anomalies, or 37 per cent positive. In the whole Cenozoic formation 
there are 22 positive and 32 negative anomalies, the positive anomalies being 41 per cent of 
all. Like results were obtained from other tests. It appears then that the sign of the anomaly 
is in some way connected with a large geologic division as a whole and not with one of its sub- 
divisions. 

RELATION BETWEEN THE GRAVITY ANOMALIES AND THE GEOLOGIC FORMATION AT STATIONS 
IN THE UNITED STATES NOT WITHIN 20 MILES OF ANOTHER FORMATION. 


In making the study of the relation between the gravity anomalies and the geological 
formation those stations which were not within 20 miles of other formations were separated 
and the data tabulated. These stations and their anomalies are shown in the following tables. 
The results are practically the same as when all stations on a formation are considered. For 
instance, for the Cenozoic stations 65 per cent are negative, while for all stations in that for- 
mation 59 per cent are negative. The mean with regard to sign is —0.010 dyne for the Cenozoic 
stations in the table below, while it is —0.007 for all stations in this formation. (See table 
on p. 72.) A similar condition exists for the other formations. The Effusive and Intrusive 
formations have so few stations which are not close to other formations that data for them are 
not given. 

The table given below also contains data for 19 Cenozoic stations not on the coast and not 
within 20 miles of any other formation. If the two Seattle stations are counted as one, the mean 
with regard to sign is —0.009, while without the Seattle value the mean is —0.004. As the 
effect of the coast is not present, these mean values show a decided relation between the anom- 
alies and the Cenozoic formation. 


Hayford anomalies for stations in the United States on specified formations and not within 20 miles of other formations. 


Hayford anomaly Hayford anomaly Hayford anomaly 
Formation and station | —=—s—s— CCCs Formattion and station |... ——s—Css—(CSsSsSssCs«é Formation and Station 
number number number 
1912 1916 1912 1916 1912 1916 
Pre-Cambrian formations Pale?2z2!ic formation—Con. 
Bi oer cee Moaetan ee +0. 038 +0. 041 —0, 021 —0.01 WG sone ey potuaw owe —0. 024 —0. 022 
BB esas nce seese: + .023 + .023 — .013 — .014 WT ieescceidees odecaws + .000 
107 cccebichcoeaaee eds + .024 + .026 — .008 — TB osceitwwewcenstecs + .001 + .002 
WRG oo ocoise cee ae cena + .012 + .012 + .002 + Wise dsensicinssdedsd - — .027 
1) eae ene te + .Ol1 + .008 + .011 + .012 pL.) epee eee eee nee + .015 + .015 
Paleozoic formation: — .03 | ®— .o1 

VRP eRon eters — .027| — .028 S000 |) 0A || tee teseresee esa sec: st 9 
Pape erent he 7-3 eee Se ee! | N06 ersaterecescecen| (A206), 2035 
SF ect — i023] — 2000 —io2| — ‘oi ae — -026| — .025 
33 See ee ee ee ee - ml is — .003 

+ .001 + .002 DOs or2e binding Bun oes — .029 — .0% 
DE Sele ooops ee — .019 — .019 — .016 — .017 DOB 5 oncxivciesibwens ces — .008 — .00 
S065 Core dees eas — .009 — .010 + .011 + .012 7 118 Cana eee ie tis ee Perens — .0233 — .02 
SO cer esecieceecewks — .007 — .009 + .016 + .016 
_ eeSeesccecesececesune ~ ee a oo — 016 — .018 Mesozoic formation: 

> 018 + 018 @eeeetecesrresesesunees + .014 + .012 
30 eee er See crereseccnese — 016 — O18 =) 023 es 020 eet eee seanssveasassens + 024 + 024 
59 Taree rrrrre ere ee + 019 + 015 fos "021 ats “019 47 Pe Foerascenecesnearses = 021 —_ 026 
en ere — .029| — .028 — .018} — .007 (Ya Oe nel a ee eh + .031} + .035 
72 C®eesnesseenecennasene + 082 + 04 3 "023 = "021 70 we Paeeraesvresacceanee hes 013 — O01 
7 {, Sen ee en marae ee + .059 + .057 ‘ ; 
88 eePenasnsensceevreesecs — .010 7 013 + 018 + 013 73 OBO eereseseeeesvaene + 005 + 004 
| OE aE ee eo er — .020 — .019 + .006 + .007 Ones sated una anen te + .002 . 000 
U6 oe eee ek — .052 — .051 — .030 — .02 8 ne ene eee + .029 + .024 
When secs dungeaieecees + .040 + .045 — .034 — .027 O68 eeccctnses odwtews — .017 — .017 
104 eter eevreneceesenseane — 024 —. 024 —_ 033 — 030 106. Sesecerancseoecsccces =. — 008 
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Hayford anomalies for stations in the United States on specified formations and not within 20 miles of other formations— 
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Continued. 
Hayford anomaly Hayford anomaly Hayford anomaly 
Formation and station Formation and station Formation and station 
number number number 
1912 1916 1912 1916 1912 1916 
ARE SNE EOE | aU eae ee ae ee 3 a Fe re, 
Mesozoic formation—Con. Cenozoic formation—Con. Cenozoic formation, away 
6 |: SRR erence +0.014 -+0.009 ee ee ne —0.012 —0.013 from coast—Continued. 
ING oe cede cscree acess + .012 + .009 DO ie etciweceetscwces — .016 — .013 Wages wet ek —0.044 —0.042 
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RELATION BBTWEEN THE GRAVITY ANOMALIES AND THE GEOLOGIC FORMATION FOR STATIONS 
IN CANADA. 


There are 42 stations in Canada for which the principal facts are given in the table on page 54. 
The stations with their anomalies (Hayford, 1912) arranged according to the geologic formations 
are given in the following table: 


Canadian stations and Hay ford anomalies for specified formations. 


Formation and station | Hyford || Formation and station ronaly Formation and station pple Formation and station | Hayford 
n 


anomaly y anomal 
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It is a fact worthy of careful consideration that the mean without regard to sign for the 
Canadian stations is only 0.013 dyne while for the stations in the United States the mean is 
0.019 dyne. There are only three stations (7 per cent of all) in Canada with anomalies greater 
than 0.030 dyne, while in the United States there are 40 stations (18 per cent of all) with anom- 
alies greater than that amount. 

The mean with regard to sign for the Canadian anomalies is —0.009 dyne, while in the 
United States it is —0.002 dyne. The anomalies are computed with the 1912 formula with 
the depth of 113.7 km., so they are comparable with the 1912 anomalies in the United States. 
The writer can see no cause for the mean with regard to sign being so far from that of the 
United States. Nor can he see any reason why the mean without regard to sign for Canadian 
stations is so much smaller than for the stations in the United States. The latter is an indi- 
cation that the area covered by the Canadian stations is more nearly in a state of perfect isostasy 
locally. 

The mean with regard to sign for the stations in the pre-Cambrian formation is —0.012, 
which is only 0.003 from the mean of all, and for the Paleozoic and Cenozoic formations the 
means differ only 0.001 dyne from the mean of all. The mean without regard to sign for the three 
Mesozoic stations is — 0.001 dyne, which is 0.008 from the mean of all, but this has little signifi- 
cance as there are so few stations. 

The conclusion must be drawn that there is no apparent relation between the geologio 
formation and the gravity anomalies at stations in Canada. 
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RELATION BETWEEN THE GRAVITY ANOMALIES AND THE GEOLOGIC FORMATION FOR STATIONS 
IN INDIA. 


In the table below the stations in India are arranged in groups according to the geologic 
formation. In order to decide on what formations the stations are located, they were plotted 
on a geologic map in the 1890 report of the Geological Survey of India. (See p. 70). 


Indian stations and Hay ford anomalies for specified formations. 
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The anomalies are based upon the United States Coast and Geodetic Survey formula of 
1912, and hence are comparable with the 1912 anomalies in Canada and in the United States. 
The mean with regard to sign is —0.004, and this differs only 0.002 from the mean in the 
United States, which is —0.002 dyne. 

If the latest value of gravity for the base station, Dehra Dun, 979.065 dynes, had been 
used instead of 979.063 dynes, (see p. 55), the observed values in India would each be greater 
by 0.002 dyne. Then the mean with regard to sign would be —0.002, the same as for the 
United States. 

There are 8 stations in pre-Cambrian formations in India, of which 6 have positive anomalies 
and 2 negative anomalies. The two stations, Nos. 94 and 108, with negative anomalies, which 
are quite large, and one station, No. 82, with a rather small positive anomaly, are in the extreme 
southern part of the Indian Peninsula on a very extensive area of pre-Cambrian formation. The 
wide extent of this area would probably prevent the existence of large positive anomalies 
(see p. 72) in spite of the density, greater than normal, of the surface and subsurface rocks, but 
there must be in addition some unusual local deficiency in the underlying matter in order to 
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account for these large negative anomalies. Stations 94 and 108 are only about 8 miles apart 
and should really be considered as only one station, as both must be affected by the same anoma- 
lous condition. The mean anomaly at these two stations is — 0.048. If these two stations were 
considered as one, then there would be 6 pre-Cambrian stations with positive anomalies and only 
1 with negative anomaiy and the mean with regard to sign for this group would be +0.009, 
which is of the same sign and about one-third the size of the corresponding value for United 
States pre-Cambrian stations. With the exception of the three stations, 82, 94, and 108, noted 
above, all the pre-Cambrian stations are situated on less widely extended areas and have positive 
anomalies, but there is no striking relation between the extent of the area and the magnitude of 
the anomaly except perhaps at station 43, Jubbulpore, which is on a very limited area of the 
formation. The map does not indicate the extent of the formation around station 95, San- 
dakphu. 

There seems to be no relation between the anomaly and the Paleozoic formation, as the 
mean anomaly is nearly normal. This fact should not be given much consideration, as there are 
comparatively few stations in this formation. 

The Mesozoic formation has only one station, and that can not be considered as representing 
any relation whatever. 

The Cenozoic formation has 42 per cent of all the stations and has the only negative mean 
anomaly with regard to sign. This mean anomaly is —0.017. It agrees in sign, but is much 
larger than the Cenozoic mean anomaly with regard to sign in the United States, which is — 0.007 
dyne. All of the Indian Cenozoic stations are back from the coast except one, and 1t must be 
concluded that there is a very definite relation between the anomalies and the Cenozoic forma- 
tion. On page 76 the question was discussed as to whether the Cenozoic formation or the 
proximity to the open coast was the cause of the negative anomalies at coast stations. The 
31 Cenozoic anomalies in India seem to prove that this formation is the main cause of the 
negative anomalies. 

Many of the Cenozoic stations in India are in areas to which great quantities of material 
have been carried from the JIimalaya Mountains. It is probable that the larger Cenozoic 
anomalies are above portions of the crust where the recent material is thick and of hmited 
horizontal extent. (See discussion under “‘ pre-Cambrian anomalies,” pp. 72 to 74.) 

It has been held by some geodesists in India® that there is probably a rift in the earth's 
crust where the large negative anomalies exist. The evidence at hand makes it possible to 
account for the anomalies by the Cenozoic formation in the affected area. 

Of course, it is probable that in India, as in other countries, there are local, and in some 
areas regional, departures from a state of perfect isostasy, but as evidence in the form of gravity 
stations accumulates the theory of isostasy is given added strength. 

The effect of the change of depth from 113.7 km. to 60 km. is discussed at some length on 
pages 97 to 112. It should Le noticed that the general effect of the change in the depth is slight, 
though in a few cases it is comparatively large. The anomalies, not being materially changed 
by a decided change in depth, are dependent upon some other condition or conditions in the 
earth’s crust than an erroneous depth. 

The summaries on pages 72 and 81, winch give evidence for stations in the United States 
and India, respectively, point strongly to rather definite relations between the sign of the 
anomaly and the surface geology at the station. This relation may be due to variation from 
the normal density for strata in the upper crust, these abnormal densities being compensated 
for by a counterbalancing change in density occurring in the lower crust, possibly to the depth 
of compensation. 


RELATION BETWEEN THE GRAVITY ANOMALIES AND THE GEOLOGIC FORMATION SHOWN 
GRAPHICALLY. 


In figure 17 there are shown areas which have certain geologic formations at the surface 


of the earth. The outlines of the areas were copied from the geologic map of North America 
mentioned on page 70. The scale of this illustration is the same as for those which show the 
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a Survey of India, Professional Paper No. 12, On the Origin of the Himalaya Mountains, by Col. 9. G. Burrard, p. 5. 
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gravity anomaly contours (figs. 11 to 14). The Cenozoic and Paleozoic areas are shown in 
yellow, which is also used on the anomaly maps to show the negative areas. The pre-Cambrian 
and Mesozoic areas are shown in green, the color used to indicate positive areas on the anomaly 
illustrations. 

The largest continuous area is for the Paleozoic formation, and extends from eastern New 
York westward to Minnesota, southwestward to Texas, and southward to Alabama. There is 
practically no portion of this area with any material other than that of the Paleozoic. There 
is a striking similarity between this Paleozoic area and the very extensive negative area which 
extends from New England westward to Iowa and Missouri, as shown in figure 11, which shows 
the Hayford 1912 anomalies. A break in this negative area occurs in Michigan, Ohio, and 
Indiana, where there are four stations with positive anomalies; but their size is small, the 
maximum anomaly being only +0.012 dyne. Within this large Paleozoic area there are 52 
stations with negative anomalies and only 23 with positive anomalies. 

Along the Atlantic coast from New York City southward and along all of the Gulf coast 
the geologic formation is Cenozoic, except for a small break on the coast of South Carolina. 
Figure 17 gives the limits of the coastal areas belonging to this formation (shown in yellow). 
A comparison with figure 11 shows that there is some similarity between the negative areas and 
the Cenozoic areas near the coast. They agree more closely very near the coast. 

There is an extensive area in Minnesota, South Dakota, and North Dakota within which 
the geology is largely pre-Cambrian and Mesozoic. There is a second pre-Cambrian and Meso- 
zoic area in Montana and Wyoming. Between these two areas there is an area in which the 
geology is largely Cenozoic. The gravity anomaly map (fig. 11) shows that there are no nega- 
tive anomalies within the limits of the above three areas. There are only two stations in the 
intervening Cenozoic area, however. It is worthy of note that there is a narrow extension of 
the first- mentioned pre-Cambrian and Mesozoic area southward into Nebraska and Kansas, and 
that a positive area in figure 11 coincides approximately with this extension. 

A narrow strip of nearly all Cenozoic formation extends southward from South Dakota to 
Texas and New Mexico. A band of negative area in figure 11 partly coincides with this Ceno- 
zoic region. If more stations were established within the two areas, they would possibly 
coincide more nearly. 

In western and central Texas there is an area mostly of Mesozoic formation. Figure 11 
shows only three stations within the area, and two are positive. The other station, at Austin, 
is negative, but is very close to the border of the area under consideration. ‘The contours are 
drawn in such a way as to make negative nearly one-half the area. 

A long strip of pre-Cambrian or Mesozoic formation (including a few small areas of other 
formations) extends from the Hudson River southwestward along the Appalachian Mountains 
to Alabama, thence northward in a very narrow band to western Kentucky. There is some 
similarity between this area and the areas of positive anomaly which extend along the Appa- 
lachian system froin New York to Georgia and Alabama. 

In northern Michigan and Wisconsin and across the international boundary there is an 
area of pre-Cambrian formation in which all of the stations of the United States have positive 
anomalies. 

That portion of the United States which has not been considered above has no extensive 
area in which there is only one geologic formation or combinations of pre-Cambrian and Mesozoic 
or of Paleozoic and Cenozoic. It is interesting to note that in the remainder of the United 
States, not colored in figure 17, the gravity contours show that there are no steep contours 
except in the vicinity of Seattle. The western part of the United States is largely negative, 
but the characteristics of the contours would no doubt be changed greatly by the addition of 
new stations. 

We must conclude that the data contained in figures 11 and 17 substantiate the evidence 
given in the table on pages 71 and 72 that the pre-Cambrian and Mesozoic areas have in general 
positive anomalies and that the Paleozoic and Cenozoic areas have a strong tendency to nega- 
tive anomalies. 
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RELATION BETWEEN THE GRAVITY ANOMALIES AND AREAS OF EROSION AND DEPOSITION. 


It has been shown that there is a rather definite relation between the gravity anomalies 
and certain geologic formations and that there is also a relation between the anomalies and 
the topography for coast stations. (See pp. 70 to 83 and also pp. 63 to 69.) It has been indi- 
cated that this relation at coast stations is due to the fact that along most of the coast the 
materials, at least at the surface, belong to the Cenozoic geologic formation. (See p. 76.) 

It is probably true that along the whole coast of the United States deposition of thematerial 
has been taking place in recent geologic time. The natural assumption would be that this 
deposited material is an extra load on the earth’s crust and that in consequence observed gravity 
should be in excess of the computed gravity. This, however, is not the case. An inspection 
of the gravity anomaly map, figure 11, shows that along the coasts observed gravity is, in 
general, less than the computed gravity. 

The logical conclusion from all available data seems to be that isostasy along the coasts 
is nearly perfect on the whole and that the computed gravity is too great because the materials 
in the upper crust are less than normal. According to Barrell the densities of Cenozoic matier 
vary from 2.40 to 2.50, while on an average the density for the whole land surface of the earth 
is about 2.67, the value used in the computations in this volume. It seems probable that as 
the materials are deposited along the coasts isostatic adjustment takes place and the pressure 
at the depth of compensation is in general normal. In the interior of the country the areas 
covered by the Cenozoic formation, which are likewise areas of recent deposition, are largely 
negative, as shown in figure 11. This is a condition similar to that found along the coasts. 

The areas of recent erosion are greater than those of recent deposition. They are 
areas within which theoretically the gravity anomalies should be negative, but there appears 
to be no such relation. In fact, the oldest formations which no doubt have been subjected to 
the greatest erosion are in general areas of positive anomalies. This is shown by a comparison 
of figures 11 and 17, one of which shows the gravity anomalies and areas of negative and positive 
anomalies and the other limits of large areas of certain geologic formations. The pre-Cambrian 
formation which has been longest exposed to erosion is, in the United States, a formation in 
which the gravity anomalies have a very strong tendency to be positive. 

It is probable that the positive anomalies at stations in the pre-Cambrian formation are 
due largely to the density greater than 2.67 in the material above sea level and also to a density 
greater than normal in the strata in the upper crust below sea level. (See pp. 72 and 81.) No 
assumption need be made in regard to what is the normal density of the materials in a stratum 
at a certain depth below sea level. It is only the deviation from the normal with which we are 
concerned. 

The mountain regions have a number of stations above the general level. They are all 
included in areas which have been and are now subject to erosion. There seems to be no relation 
between the anomalies and the topography in these cases. 

In India there is a broad belt of recent geologic material running approximately east 
and west at the foot of the Himalaya Mountains. The stations on this recent forma- 
tion, which no doubt is largely due to the deposition of materials eroded from the moun- 
tains, have in general negative anomalies. It is impossible that the addition of materials 
could make the pressure less than normal on the surface at the depth of compensation. We 
may therefore conclude that isostatic adjustment probably follows the deposition of materials 
and that the negative anomaly is probably due to the lighter materials in the upper crust. 
(See p. 82.) 

There seems to be no effect due to the melting of the ice cap on the size and sign of the 
gravity anomaly. This is evidenced by a study of figure 11. If isostasy were perfect at 
the beginning of the ice age and if the isostatic adjustment kept pace with the accumulation 
of ice, thero must have been an adjustment of opposite sign, upon the melting of the ice, for 
on an average the area that was covered by the sheet of ice is very close to a state of equilib- 
rium now. 


Chapter VI.—REGIONAL VERSUS LOCAL DISTRIBUTION OF COMPENSATION. 


On pages 98 to 102 of Special Publication No. 10 there is a discussion of this subject based 
upon data for 41 stations in the United States and 4 stations not in this country. Similar data 
are now available for 124 stations in the United States. 

The question to be considered is whether a topographic feature is compensated for by a 
deficiency of mass directly under it, or whether the topographic feature is compensated for by 
a deficiency of mass distributed through a more extensive portion of the earth’s crust than 
that directly beneath the feature. 

The theory of local compensation postulates that the deficiency of mass under any topo- 
graphic feature is uniformly distributed in a column extending directly from the topographic 
feature vertically to a certain depth. In this discussion the depth is taken as 113.7 km. This 
depth is the one used in making the reduction for topography and isostatic compensation. 

The theory of regional compensation postulates, on the other hand, that an individual 
topographic feature is compensated for by a deficiency of mass equal in amount to the topog- 
raphy, but of opposite sign, and that this deficiency is uniformly distributed from the surface 
to the depth of compensation, but has a horizontal extent greater than that of the feature 
itself. 

The method of computing the data need not be given here, as the reader can learn of this 
by consulting pages 98 and 99 of Special Publication No. 10. 

The table following gives the data for 124 stations in the United States. In column 
1 are given the number and name of the stations. The effect of topography and compen- 
sation computed on the theory of complete local isostasy is given for each station in the 
second column. In columns 3, 5, and 7 are given the effect of local compensation out to the 
outer limits of zones K, M, and O, respectively, while in columns 4, 6, and 8 are given the effect 
of compensation computed upon the theory that the compensation is uniformly distributed 
horizontally to the outer limits of zones K, M, and O, respectively. In column 9 are given 
the Hayford anomalies based on complete local compensation. These are what are called the 
1912 anomalies. (See p. 53.) They are computed by the 1912 Coast and Geodetic Survey 
formula and upon the assumption that the depth of compensation is 113.7 km. In the last 
three columns are given the anomalies for the three methods of regional distribution of com- 
pensation with a depth of compensation of 113.7 km. 


Comparison between local and regional isostatic compensation. 


Effect of compensation within outer limit of— P ponsation wither en bank 


of— 


Number and name of station an anomaly, 


1. Key 9 EIB. wcccsceese +0. 033 0. 000 0.000 | +0.001 | +0.003 | +0.010 | +0.021 | 40.008} +0.008 | +0.006 | —0. 003 
2. West Palm Beach, Fla + .031 -900 | -+- .001 + .003 + .005 -007 | + .000; + .018 | + .017 + .016 + .016 
3. Punta Gorda, Fia........ ) - 000 - 090 - 000 - 000 -000; + .010/ + .010] + .010 + .010 
4. Apalachicola, Fla......... + .0)5 - 000 - 000 - 000 0n0 | + .001 + .001 - 000 - 000 000 - 000 
& New Or » WB a vcsecees + .U13 . 000 - 000 - 000 000 - 000 -000; —.013 | — .013| — .013 — .013 
6. Ra e, eoeceeoeteseons + ° .000 —_ 001 -000 = 001 -000 - 008 + 016 + 017 + 017 Sa .019 
7. on, Seeeeeeves +. 7 .- 000 000 000 000 - 000 ~000 — .000 — .009 — . 009 - 000 
8 Point Isnbel, Tex........ + .015 - 000 090 - 000 + .003 | + .006/ + .027/ + .027 | + .027 + .024 
9. o, Tex. ceo nenerosaes + 003 000 bad . 002 — 004 a 007 bor! 000 _, 012 - «020 oa -Q18 - 017 — O17 
10. Aust in. Tex. (State capi- 

Ls Seep eeteeeeeeewe es — .003! — .00! —.008!' —.000! — .010} — .018! —.019!' — .008! — .008; — — .007 


Res 
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ideas between local and regional isostatic ee eee 


compen- 
sation 
11. Austin, Tex. (university).| —0.001 
12. McAlester, Okla. is ieee: + .001 
13. Little Rock, Ark......... + .001 
14. Columbia, ‘onn........-. + .UU6 
15. Atlanta, Ga.............. + .0l14 
16. McCormick, S. C......... + .012 
17. Charleston, (i eee + .016 
18. Beaufort, N. C........... + .036 
19. Charlottesville Va.. + .002 
20. Deer Park, k, Md siden en bene + .041 
21. Washington, D.C. (Coast 
Geodetic Sieve nee + .004 
22. Washington, D. C (Smith- 
sonian Institution)..... + .003 
23. Baltimore, Md..........- . 006 
24. Philadelphia, Pa......... + .009 
25. Princeton, N.J.........-- + .O13 
26. Hoboken, N. J........... . 008 
27. New Y ork, Ne Yc oe cute's + .011 
28. Worcester, Mass........-- + .018 
29. Boston, Mass...........-- + .013 
30. Cambridge, Mass.........- + .010 
31. Calais, Me..............-. + .010 
32. I >. ae Gane area + .005 
33. Cleveland, Ohio.......... . 000 
34. Cincinnati, Ohio........-. + . 002 
35. Terre Haute, Tid wc .ckee + .00] 
36. Chicago, Ill.............-. + .007 
37. Madison, Wis..........-- + .003 
28, St. Louis, Mo............ + .001 
39. Kansas City, Mo......... — .00l 
40. Ellsworth, Kans......... | — 004 
41, Wallace, Kans........... , 000 
42. Colorado Springs. Colo.. — .007 
43. Pikes Peak, Colo......... + .187 
44. Denver, Colo............. ~ [015 
45. Gunnison, Colo........... — .00l 
46. Grand Junction, Colo..... — .051 
47. Green River Utah....... — ,043 
48. Pleasant Valley Junction, | | 
Perma ta wag Sen Gaines + .024 
49. Salt Lake City, Utah..... — .041 
50. Grand Canyon, Wyo..... + .038 
1. Norris Geyser Basin. Wyo.| + .031 
42. Lower Geyser Basin, Wyo.| + .028 
53. Seattle Wash. ( un{- 
versity) Sedwecalted veoek — .020 
54. San Francisco, Cal.. + .045 
55. Mount Hamilton, Cal. + .120 
56. Seattle, Wash. (high 
rN | eae LE — .018 
57. Iron River, Mich......... + .014 
58. Ely, Minn................ | + .008 
59. Pembina, N. Dak........ i — ,009 
60. Mitchell, 8. Dak.......... | = .006 
61. Sweetwater, Tex......... i + .000 
62. a, Tex...--.....-. | +4 .013 
63. E) Paso, “rex adateiet adenine soahek = 2001 
64. Nogales, ATISe cecccnascces | + .038 
65. Yuma, Ariz.............. — .010 
66. Co idnerd Ole bos cbs tees . 000 
67. Goldfield, Nev........... | + .027 
68. Yava , Ariz Had cvacattetcs Oe + .034 
69. Gran Canyon, Ariz. ..... | — | 096 
70. Gallup, N. Mex.......... + .014 
71. Las Vegas. N. Mex....... + .017 
72. 8 Oke cctaches + .007 
73. Denison, Tex tan yet — .001 
74. Minneapolis, Minn....... — .005 
75. Lead, 8. Dak............. + 044 
76. Bismarck, ae aa caer eats — .005 
77. Hinsdale, M ne are — .017 
78. Sandpoint Vhibes ooo. — .044 
79. Boise Ida Pe ee ee ee i ~ 042 
80. Astorle, © Oreg Siete tee + .008 | 


Effect of compensation within outer limit of— 


a 


Zone K (18.8 km.) ? Zone M Zone M (68.8 ean) km.) | Zone O (166.7 km.) 
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Local | Regional 
—0.018 | —0.019 
— .017}; — .017 
— .008|; — .Ol4 
= O17 = O17 
— .021); — .022 
— .012} — .015 
000} + .0ul 
+ .0U5 |] + .017 
— .020| — .0%4 
— .044} — .035 
— .005; — .009 
— .005; — .000 
— .005| — .009 
— .004; — .007 
—- .005} — .008 
— .005| — .009 
— .006; — .009 
— .012/ — .Ol1 
— .002; — .005 
=e. . 005 =. . 005 
— .08 | — .005 
— . 023 ~~ . 026 
~ .019 | — .019 
— . 020 — .019 
— .013 | — .016 
~— .010; — .014 
— .021} — .0@ 
— .012; — .014 
- .022; ~— .02 
— .088; — .041 
— .084 — .085 
— .165; — .164 
— .189} — .172 
— . 152 be . 169 
— . 212 — .210 
-— .156, — .170 
— .130| — .150 
— .171) — .159 
- .137 | — .18 
— .180! — .165 
- .16| — .18 
— .li7 | — .169 
— .020; — .088 
+ .009} + .033 
— .01I8| — .08 
— .0200| — .@8 
— .031| — .02%4 
— .083 | — .029 
— .023! — .025 
— .65| — .@7 
— .39 | — .049 
— .058 | — .032 
— .008| — .104 
— .076 |; — .069 
— .012; — .018 | 
— .014| — .024 
— .134); — .141 
— .137 | — .129 | 
~— 1136 | — 2127 | 
— .163| — .156 
— .100| — .150 
—- .055 |; — .056 
— .018| — .017 
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Anomaly with regional com- 


pensetion within outer limit 
ol-—— 
| 

Zone K | Zone M | Zone O 
—0. 01V —0. 009 —0. 009 
_ — .027 — .027 

U32 + .033 + .036 
+ .026 + .026 + .026 
— .022 — .U21 — .022 
+ .015 + .016 + .018 
— .021 — .021 — .022 
— .021 — .021 — .03% 
— .012 — .012 — .000 
+ .012 | + .007 + .001 
+ .0388 | + .039 + .041 
+ .040|} + .041 + .043 
— .010 — .009 — .007 
+ .023 + .02 + .025 
— .018 — .017 — .016 
+ .024 + .025 + .028 
+ .022 + .03 + .025 
— .019/ — .019 — .021 
+ .005 + .006 + .008 
+ .005| + .004 + .005 
— .008 | — .007 — .000 
— .021 — .02)} — .020 
— .08 — .003 — .003 
— .019 — .020 — .020 
— .009 — .008 — .006 
— .006 — .5 — .00%3 
— .004 — .004 —~ .006 
— .004 — .003 — .0O 
— .015 — .015 — .015 
+ 1015 | + .013 | + Ol 
~ .012 | —.ol2! —.on 
— .007 — .008 — .00S 
+ .013 + .008 + .004 
— .014 — .0n7 + .00) 
+ .023 + .028 + .OIS 
+ .026 + .A3l + .038 
— .018 — .014 — .001 
+ .005 + .001 — .008 
+ .012 + .013 . 016 
— .7l — .001 — .017 
+ .023; + .022 + .008 
+ .001 . 000 — .009 
— .093 — .091 075 
— .023 | — .022 047 
— .008 .O1] — .018 

{ 

— .093 — .091 — .075 
+ .039 + .038 + .@1 
+ .024 + .025 + .019 
+ .019; + .020 + .021 
+ .001 + .002 + .003 
— .025 — .28 — .029 
+ .032; + .032 + .025 
+ .008 + .008 + .013 
— .050 — .055 — .057 
+ .009 + .01) + .015 
— .049 — .049 — .040 
— .013 — .009 — .006 
+ .00) + .001 — 07 
ies . 009 bares . 009 aa O19 
— .013 | — .013 — .020 
+ .002 + .008 — .007 
+ .Bl + .032 + .985 
+ .005| + .004 + .004 
+ . 060 + .060 + .61 
+ .053 | + .049 + .039 
+ .183 + .004 + .009 
+ .031 + .033 + .038 
+ .002 + .0066 + .O11 
+ .010 + .12 + .022 
— .013 — .old — .021 
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Comparison between local and regr isostatic com pensation—Continued. 


Anomaly with regional com- 
pensation within outer limit 


Effect of compensation within outer limit of— 
of— 


4 

| Effect of 

eds os Harford 
Number and name of station | * an . 


———e eee oe 


| 
Zone K (188km.) Zone M (58.8 km.) | “Zone O (166.7km.)! 1912 


com pen- 
sation = |_———_—__—___—_ | —____—_—-——_- Zone K | Zone M | Zone O 
local | Regional’ Local | Regional, Local Regional ' 
ee a ee Eee | er ee earn eee eS, eee es 
81. Sisson, Cal................ +Q0015 | —0.922; —0026 | —0.0°8 | —0.079 ; —0 0% —O.8 | —0.010 02006] —0. 009 —0. 018 
&2. Rock Springs, Wyo... — 1 — .086 — .M45 — .093 — .093 - 1 | — V7 + .013 + .O11 + .013 + .021 
oT wn ees wiécedys ne eoetate ai + .O2 — .014 | — .016: — .O4!1 — .08 — .073 — .077 — .006 — .004 — .004 — .002 
. Washington, D. C. (Bu- ; | 

reau of eens) eee + .12 ia) — .~1; — Onl — .7 — .95 — .~a + .7 + .138 + .(@9 + .041 

85. North Hero, Vt...........1 — .009 O29) — .00! | — .003 — .O% — .012 — .016 + .001 + .QU2 + .005 + .005 
86. Lake Placid, N. Y........ + .12 — ni — .2} — .124 - .21 — 1B — .0” + .006 + .007 + .0vg —- .om 
87. Potsdam, N. Y........... — .Wy — .™2 to OW) — 200s - .O10 — .017 — .017 + .021 + .022 + .023 + .021 
88. Wilson, N. Y............. — .K)2 Lm OND = OO me OE eS OTT — .017 |} — .910} — .dO8 |] — .009 — .0o4 
89. Alpena, Mich............. OO, — .004 | —.03} —.01I0; —.Os8, —.016 | —.018) —.0m] —.021] — .022 — .0v 
90. Virginia Beach, Va....... + .025 00 . 000 . 000 000 | om} + .002|} — .O8 7 — .CAN | — . 048 — .050 
01. Durham, N. C............ + .14 Tad) | — .#2 —.0n! — .06 apes mS} — .OIn| + ME] + .OHR] + .a3s + .ms 
92. Fernandina, Fla.......... + .017 ow) 0005, On) | 000 | 000} + .001 | + 010} + .0lu} + 2010 | + 2.008 
83. Wilmer, Ala.............. + 2018 | oor} — .00b; — .Oul -— .072) — .0)1 — .002} — 4] — 3] — .048 — .048 
04. Aliceville, Ala............ + N08 rw) — .O01 | — .l — .AY — 2005 — .00F — .O17 — .U16 — .O1 — .O18 
95. New Madrid, Mo......... + .001 | 000, = .002 -UOL | — .0u4) — .0u7 |] — .O1L | + .001 | + .003 | + . 004 + 005 
06. Mena, Ark................ | + 015 — .™4 — .006 — .12 — .O13 | — .9 — Ma — . 042 — .050 — .O51 — .055 
te eee ee, TOK cccics. ; .008 | £000 | — 002 | = 2001} = cont = ee — 000; = ie = on = ae A wae 

R. pine, Tex.......... eee? + 2033 — .n02 — .025 ' — .061 — .063 — .0s — OSs + .2 + .2 0% 
99. Farwell, Tex............. + .Oll | M20) — .21 Noe NAS — .056 — .006 — (4 — .0O16 — .O1h — .O1§ — .O18 
100. Guymon, Okla........... — .00l | — .ol4{ — .016, — .O42, — .046 | — .077 — .Osl — .017 |] — .015 | — .018 — .O13 
101. Helenwood, Tenn........ + .915; ~.007) — .O8 | — .9%) — nay} —.HB], — .MO), + .00] + 042} + .040 + .(87 
tes getting Tent . 2 s.c25 + a | — Old} — ee = ie — .M3[ — .0O8] = ae + aa + ils = mae - nee 
- Hughes, Tenn............ + 008 — .01S -. — .G3s — .03f — 07 — .t — .N2 — . (2 — .0% =, 
104. Charleston, W. Va....... —- .Ol) | — Gt | = .0 — O12) — ols | — .027] — 8H] — .024 | — 6023 | — 021 — .016 
105. State College, Pa......... + 010; — .005; — .007 =— .016! — .0IS | — .Q0] -— .Wo, — .021] —. 18] — .O19 — .021 
106. Fart Kent, Me............ + .0 1 | — .0n2/ — .0M8 se . 906 | — .m9) =~ .016 —.017) — .3] —.012] — .oln — .012 
107. Prentice, Wis............. + .010} = 2.007] = 20388 | — MYT = O19) — OZ T= GAN) $+ O02 + 6025 | + 024 + .020 
oe Fersus Falls, Minn....... + » OO areas » 005 _ OG 1 = 014 - ols — .026 | — .9%] — 008 — .005 | = £005 — .003 
09. Sheridan, Wro........... — 3) — .020 | — .021 — 2.088, 0 = L977 — 120; — .NS] + 082] + .03 ] + .041 + .030 
110. Boulder, Mont............ — .UuoT — .@1]/ —.082°0 — .077 | — .0o74) — 2187) — 2189] — .01d | — 1014 | = 2018 — .013 
i } 

111, Skykomish, Wash........ — .047 } — m4 O18) — 038 | — ots | —.orw | -— .017] ~ 028; ~— 025] —.028] — .089 
a0 hoe Sash Pupineaea — .012 - 00%) 20005 — .002' = .008 | = .014 | = 605] + OS] + 084 | + L004 + fh 
3. Heppner, Oregz........... — 07 — .010 — .010 ; = 27 — .029 — .056 — .067 — .027 — .27 — .025 — .0) 
114. ‘Truckee, Cal... c.ccee ee. + .047 — 034 ~35 j= 2 0R5 | — .0s] —- 1299) — .104y — OBR] — .028 [ — .682 — .057 
115. Winnemucca, Nev....... — .04 | — .022| — .02, — .002; — .065, —.N6) ~.128) — .000] — .008 | — .006 + .003 
116. Elv, Nev..............2.-. + .020, — .08}) — .089) — .004) — .003 | ~— .159, — .150] =— .021 | — .020 |] — .022 — .030 
ae Pace ore are sie eeie Riise ei — .016 ! — .0292 — .024 — .02 — .067 — .17 | — .127 + se + ees + oe + ee 
ie erre, S. Dak. ........... — .013 —- .0”7 — .00S — .Q@21°5 — .02% — .042 — .0HN + .O14 + .O14 + .01 + .0 
119. Fort Dodge, Jowa........ + 2002 — .004 — .006, — .014 — .015 | —~— .026 a 027 + .015 + .017 + .016 + .Oo16 
120. Keithsburg, Lil we aeteencece = 3 | om - 004 _. - 003 | = . U0Y ; ae, - 00S ' ees -O16 :~ Old — - 00 =— . OUY —, . OY = . 008 
121. Grand Rapids, Mich......] +. .004{ —.010' ~.009} —.018 ! —~.o17] +.002} +.002| +.001| + .001 
122. Angola, Ind.............. +. 005 —- .O11, — .012 — .o1g — .OlS + .Qll + .O12 + .012 + .010 
123. Albany, N. Y............ —. .002, — .008; — .O1L | — .020} — .925; — .43 | — .O42] — .040 — .03S 
1 4. Port Jervis, N. Y......... +. O04, — O01] — 01d} — 020, — 019} — .033 | — 082] — .031 | — .034 

ore with regard to | ; 
Seems eeccennc ener esesleesresesacnan Peay ot Shela iene ete :oNe evs. Biss) oer eil eave” e ieteie leks telliel svete essen oe e ~ Oster neersceove ‘— — .002 

Mean without regard to 
sivn weer ecco eaee seco er eee ecafe eee see weeelece eres saced sc eeseceesjeseerevaeseetsceoeeraesesecalseseeeretote Jeecewnvsecvencea . 020 

evry ivath regard to | 

es Oe ee eS ee ee ee es ee ee ee ee ee Se ee ee er 2 ed er: - 001 

Mean erithoat reczard to | | 
‘ .019 


@ Omitting Seattle stations. 


If we ignore the two Seattle stations, which seems to be justifinble on account of their 
excessively large anomalies (see p. 53), we have means with regard to sign, which are zero or 
0.001 dyne, for the four methods of horizontal distribution of the compensation. Also three 
of the methods have means without regard to sign of 0.018 dyne and one of them a mean 
of 0.019 dyne. These anomalies show that for the country taken as a whole, no one of the 
methods has an advantage over the others. 

It can be readily understood that for a station on a plateau of considerable horizontal 
extent the effect of compensation should be the same by the several methods, for the amount 
of compensation under any portion of the area neay the station would be the same for each. 
If the country has varied topography, then the effect of compensation will be different for the 
different methods of distribution. For instance, in a valley with mountains on either side the 
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effect of the compensation will be different if some of the compensation of the mountain masses 
is extended horizontally under the valley. 

The decision as to whether we have local or regional compensation must depend upon 
whether any one method has a general application to a set of stations which exist under the 
same or similar conditions. For instance, if mountain stations have smaller anomalies on an 
average, and if the mean of all these stations with regard to sign should be close to zero when 
reduced by a given method, then we should be justified in concluding that this method is based 
upon more nearly correct assumptions than a method which gives larger anomalies and a larger 
mean with regard to sign. 

In order to make the regional method of reduction logical, the compensation of each topo- 
graphic feature should be computed separately to the limits of the zone having the topographic 
feature at its center. The method of computation actually adopted may give very erroneous 
results. For instance, let us assume that the compensation is distributed regionally within 
zone O, with the station at its center. It may happen that the station is in a broad valley 
or on a plain with mountains surrounding it at a distance of about 167 kms. None of the 
compensation under the mountains would be taken into account in making the reductions, 
and the computed value of gravity would be too great. On the other hand, if the station were 
in the mountains, with valleys or plains just beyond the limits of zone O, then none of the 
compensation of the mountains would be distributed to the valleys or plains, and the computed 
value of gravity at the station would be too small. Therefore, in making the reductions by 
the regional method the compensation for each topographic feature should be distributed 
separately before making the computations to obtain its effect. This, of course, would be 
possible, but it would be such a laborious process that it would not be practicable. 


RELATION OF LOCAL-COMPENSATION ANOMALIES AND REGIONAL-COMPENSATION ANOMALIES 
TO THE TOPOGRAPHY. 


The tables given in the following pages contain the anomalies computed by the lucal and 
the three regional methods, with the stations arranged according to the same topographic 
groupings as are shown on pages 63 to 67. 


Local and regional anomalies at 18 coast stations arranged in the order of their distances from the 1000-fathom line. 


Huyford : Anomaly with regional com- Hayford ! Anomaly with regional com- 


anomaly,’ anomaly,| pensation within outer 
| 1912 1912))‘Himit of— 
Number and name of station. | (local Number and name of station (loca! 
compen: compen- 
sation) sation) | Zone K | Zone M | Zone O 
54. San Francisco Cal @eerancene —0Q, 023 le _ le 26. Hoboken, N. J @ceeveeeesevecr +0. 024 +0. 024 +0. 025 +0. 028 
18. Beaufort, N.C............. | = .021 -. ; 68. Co pCalein sever ces, — .050/ ~— .049! — .048 | — .037 
80. Astoria, reg Seer ceecevcerse t _ 013 -_ 013 -_ .010 = 021 2. W Palm Beach, Fla eevee + 018 + 017 a 016 + 016 
90. Virginia Beach Va. @ervcecne = . 048 — 048 —_ .048 — e 3. » Fla evececsoon + 010 + 010 + 010 + O10 
92. Fernandina, Fla...........' + .010| + .010| + .010| + .009 || 29. Boston, Mass............... + .005 | + .005| + .006| + .008 
1. Key West, Fla.............: + .008} + .008; + .006 | — .008 || 30. Cambridge, Mass.......... + .005; + .005! + .006| + .007 
8. Point Isabel, Tex.......... ' + .027| + .027; + .027 | + .024 || 17. Charleston, 8.C............ -—- .021 | — .031; — .021 | — .022 
5. New Orleans, La. eorerteverve I — .013 = 013 | —_ 013 —_ 018 7. » Tex CeCe ceecvese = . 000 _ . 000 — 009 — 009 
4. epee Fle @eveccvccsce | 000 .000 . 000 - 000 
27. New York, N.Y.......2... | + 022! + .022) + .023 | + .025 004 
| 
| 


For coast stations the mean anomalies with and without regard to sign are the same for 
local and for regional compensation through zones K and M. Inno case does a regional anomaly 
with compensation out through zones K and M differ more than 0.003 dyne from a local com. 
pensation anomaly. This is as one might expect, for the topography is low and the water 
within zone M is comparatively shallow, so the distribution of compensation regionally can have 
little influence on the value of the effect of the compensation. 

The anomalies for regional compensation to the outer limit of zone O have decidedly larger 
negative values than those for local compensation at San Francisco (No. 54), at Beaufort (No. 18), 
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and at Astoria (No. 80), while at Key West (No. 1) the anomaly changes from + 0.008 to — 0.003. 
These decided differences are to be expected for a portion of the compensation under the water, 
which is of positive sign, is distributed through the zone, and as the vertical component of jts 
attraction is greater for the regional distribution than for the local it increases the computed 
value of gravity at the station and hence makes the anomaly g-g, have a smaller positive or a 
larger negative value. 

The anomaly at Compton (No. 66) is changed in the opposite direction. This is due to 
the distribution of the compensation for the high land, which decreases the computed value 
of the intensity of gravity at the station. 

The mean anomaly with regard to sign for regional compensation to the outer limit of 
zone O is —0.006, while the mean for local compensation is —0.004. The means without 
regard to sign for these anomalies are, respectively, 0.020 and 0.018. The differences are small 
but they do not favor distribution of compensation regionally to the outer limit of zone O. 

The reason why the mean with regard to sign is negative for the Hayford anomalies at 
coast stations is discussed under the heading ‘‘Relation between the gravity anomalies and the 
geologic formation.”’ (See p. 70.) 

The following table gives the local and regional anomalies at stations near the coast, the 
stations being arranged in the order of their distance from the open coast. These distances 
are given in the table on page 64. 


Local and regional anomalies at 25 stations near the coast, arranged in the order of their distances from the open coast. 


a cc 


Hayford | Anomaly with regional com- | 
anomaly, penstoe within outer | anomaly, 


(local pane Number and name of station decal i 


Anomaly with onal com- 
Bayexd aad wit oute 
o 


Number and name of station 


ape | com 
mn) | Zone K | Zone M | Zone O |: sation) Zone M | Zone 0 
31. Calais, Me................. —0.00R | —0.008 ; —0.007 | —0. 006 | 123. Albany, N. Y............. —0. 043 —0.040 | —0. 138 
25. Princeton, N. J ' =— ,019; — .018| — .017} — .016 | 16. McCormick, 8.C.......... \ 015 + .016 | + .018 
93. Wilmer, Alo.............. / — 044] — .%3] — .043 |] — .043 ! 10. Austin, Tex. (Capitol)....| — .008 — .007 |} — .0% 
23. Baltimore, Md............ { ~— .011} — .010; — .00) | — .007 '' 11. Austin, Tex. (University).| — .010 — .009 | — .00v 
28. Worcester, Mass........... — .220! — .019; ~— .019) — .021 ' 19. Charlottesville, Va........ — .013 — .012 | — .009 
ac Paar ny tae | ge] gel ae mg Ya - = | = 88 
124, ervis, N. Y..........| —. -. -. _. . 0, Ala............. -. -. —. 
81. Sisson, Cal................: — .010; — .006; — .009/ — .018 62. Kerrvfllo, Tex + .031 + .032/ + .025 
21. Washington, D.C. (Coast | 106. Fort Kent, Me............ — .013 — .010} — .012 

& Geodetle Survey Of. | | | 8 Rayville, La... 2.2.2... + .016 + .017| + .019 

NCO) oie os cc eek cas wes + .037, + .008: + .039 041 
22. Washington, D.C. (Smith- | j Mean with r 0 sien. — .07” 

sonian Institution)...... + + .040; + .O41) + 043 | ean without regard to ' 

’ A) | °-9 ) ° 

84. Was , D.C. (Ba- | | 

reau of Standards)...... ' + .037; + .088| + .0380/ + .041 | 
91. Durham, N.C...........-.! + .036| + .038} + .038| + .038 
9. Laredo, Tex...........-... = +020) = .020| — .019 | — .020 | ) 
65. Yuma, Arig............... + .009; + .009; + .O11 | + .015 
97, Nacogdoches, Tex......... ! — OW} — .009| — .008/} — .010 } | 

i i 


There are only three stations at which there are decided differences between the local and 
regional anomalies in the above table. These are Sisson (No. 81), where the change is 0.008, 
Yuma (No. 65), where it is 0.006, and Kerrville (No. 62), where the change is also 0.006. 

As practically all of the 25 stations under consideration are in topography with little rolief, 
one would expect the anomalies to be little changed by the different methods of making the 
reductions. The mean anomalies with and without regard to sign have a total range of only 
0.001. These stations, therefore, give no information as to whether one of the methods has any 
advantage over any other one. 

The following table gives the local and regional anomalies at 39 stations in the interior 
which are not in mountainous regions. The stations are arranged in the order of their elevation 
above sea level. These elevations are given in the table on page 64. 
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Local and regional anomalies at 39 stations in the interior, and not in mountainous regions, arranged in the order of elevation. 


Haytford | Anomaly with regional com- Hayford | Anomaly with regional com- 
anomaly: ene wit outer bende siren within outer 
oiI— a 
Number and name of station decal Number and name of station. (local to 
compen- com - 

sation) | Zone K | Zone M | Zone O sation) | Zone K | Zone M | Zone O 
95. New Madrid, Mo.......... +0.001 | +0.003 | +0.004 | +0.005 |] 122. Angola, Ind............... +0.011 | +0.012| +0.012 | +0.010 
88. Wilson, N. Y...-........- —.010, —.008/ — .009! — .004 || 15. Atlanta, Ga............... — .023| — .022| — .021 | — .022 
13. Little Rock, Ark.......... + .030! + .032/ + .033 | + .036 |! 119. Fort i odge, Iowsa......... + .015| +.017| + 016) + _O16 
87. Potsdam, N. Y........... + .021' + .022| + .023 | + .021 || 108. Fergus Falls, Minn........ — 2006} —.005| — 005 | — .003 
35. Terre Haute, Ind..........| — .009 | — .009; — .008: — .006 || 96. Mena, Ark................ — .052; — .080; — .051 , — .055 
38. St. Louis, Mo............. — .005 | — .004; — .003 | — .003 || 60. Mitchell, 8. Dak.......... + .001| + .002] + .004 | + .005 
120. Keithsburg, Ill............ — .008' — .007} — .007; —.006 | 58. Ely, Minn................ + .023| + .025! + .026| + .021 
89. Alpena, Mich............. — .020 — .021| — .022 | — .020 | 118. Plerre, 8. Dak............ 014] + .015| + .016 + .020 
36. Chicago, Ill.............-- — .007 — .008! — .008{ — .006 | 57. Iron River, Mich.......... + .088| + .039] + .038; + .031 
104. Charleston, W. Va........ — .024/ — .023| —.021| —.016 | 40. Ellsworth, Kans.......... + .014] + .015| + .015 | + .017 
14. Columbia, Tenn.......... + .026; + .026!' + .026 | + .026 | 107. Prentiss, Wis............. + .024/ + .025| + .024 | + .020 
33. Cleveland, Ohio........... — 1003’ — 003} — 1003 | — .003 | 76. Bismarck, N. Dak.......- + 002] + .003} + .004 | + 005 
73. l’'enison, Tex............. + .005! + .005/ + .004/ + .004 | 61. Sweetwater, Tex.......... ~ .029} — .028| — .028 | — .029 
121. Grand Rapids, Mich...... + 1002' +.003| + .003 | + .003 || 77. Hinsdale, Mont........... + .029} + .031| + .033 | + .038 
12. McAlester, Okla.......... — 1027! — .026| — .027| — .027 || 72. Shamrock, Tex........... + .032| + .031/ + .032| + .033 
59. Pembina, N. Mak......... + .019! + .019| + .020| + .021 |, 83. Paxton, Nebr............. — .006} — .004/ — .004] — .002 
34. Cincinnati, Ohio.......... — .019; ~— .019| — .020] — .020 | 100. Guymon, Okla............ —.017| — .015) — .013 | — .013 
74. Minneapolls, Minn........ + 1059{ + .060| + 060 | + 1061 || 41. Wallace, Kans............ — .012} —.012/ — .012| — ‘oll 
37. Madison, Wls............. — .005 | — .004| — .004 | — .006 || 99. Farwell, Tex......222200.. — .016| — .015: — 015 | — 1018 

30 Kansas City, (ee — .016; — .015| — .015 | — .015 | —_|—_— 
| Mean with regardtosign.| + .001] + .002/ + .002| + .003 

Mean without regard to 

fF SIGN vo scse isch cchus 017 .018 | .018 017 


t 
Ny 


The differences between the anomalies for the loca) and for the regional compensation to 
the outer limits of zones K and M are very small, there being only two as great as 0.004 and 
only five others as great as 0.003. 

The differences between the nnomalies for local compensation and for regional compensation 
to the outer limit of zone O are only slightly larger, the maximum difference being 0.009. 

As with the stations back from the coast, the differences between the local and regional 
anomalies may be expected to be small, for the topography in the vicinity of these stations is 
fairly level. 

The means without regard to sign for the different methods are practicully the same, while 
the means with regard to sign differ only slightly. It must be considered that there is no evi- 
dence here in favor of either method, although the slight differences in the means with regard to 
sign favor the local distribution. 

There are 22 stations in the United States in mountainous regions and below the general 
level, the anomalies for which by the local and regional methods of distribution of compensa- 
tion are given in the following table. The elevations of the stations and the distances of the 
stations below the general elevation are given in the table on page 66. 


Local and regional anomalies at 22 stations in mountatnous regions and below the general level, arranged in the order of their 
distances below the general level. 


en eee aster meme 


Hayford | Anomaly with regional com- Hayford | Anomaly with regional com- 


anomaly,| pensation within outer anomaly, tion within outer 
1912 imit of— 1912 | imit of— 
Number and name of station (local Number and name of station (local 
compen- compen- | 


' 


| sation) | Zone K | Zone M | Zone O sation) | Zone K | Zone M | Zone O 


cen i ee 

70. Gallup, N. Mex........... ; 70.013 | —0.013 —0. 020 | 49. Salt Lake City, Utah...... +0.010} +0.012; 40.013 | +0.016 

105. State Colleze, Pa.......... , oo .02) — .019 — .019 | — .02) 44. Denver, Colo.............. ‘ -— ,016); — .014 — .007; + .0v1 

67. Goldfield, Nev............ | — .013; — .013} — .012} — .009 || 79. Bolse, Idaho.............. | + 008 | + 019; + .012, + .022 

85. North Hero, Vt........... i + 001} + .002] + .005| + .005 | 78. Sandpoint, Idaho......... + .002/ + .002| + .006) + .Ol1 

63. El Paso, Tex........--.... 4+- .007 | + .008| + .008 | + .013 69. Grand Canyon, Ariz...... — .010| — .vod9 |] — .009 | — .019 

113. Heppner, Oreg..........-.. | — .027| — .027| — .025 | — .016 |! 46. Grand Junction, Colo.....} + .024| + .026| + .031 | + .088 

112. Olympia, Wash........... + .033 | + .033{ + .034/ + .044 47. Green River, Utah........ — .021 — .018| — .014; — .O0l 

110. Boulder, Mont............ — .015 — .014 — .018 | — .013 —_—-—— 

111. Skykomish, Wash........ — .08% | — .024} — .028; — .039 | Mean with regard to 

117. Guernsey, Wyo........... + .036/ + .038 | + .041 | + .046 SIEM ois So ue re tees 000; + .001; + .003 | + .006 
Mean without regard to 

115. Winnenmucca, Nev....... — .009; — .0088| — .006); + .003 | | 4 + ee ae ner ee ee ea 017 017 .018 -019 

109. Sheridan, Wyo............ + .032) + .0383 | + .041 ; + .080 

82. Rock Hage Wyo....... + .013 | + .011 + .013 | + .021 

45. Gunnison, Colo........... + .020| + .023] + .028| + .018 

42. Colorado Springs, Colo....| — .007| — .007/} — .008 | — .008 
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The anomalies for the regional compensation to the outer limits of zones K and M are only 
slightly different from the anomalies for local compensation and the means with regard to sign show 
only a slight advantage for the local compensation method. The means without regard to sign 
for the three sets of anomalies are practically the same. But for regional compensation to the 
outer limit of zone O, there are four anomalies which are larger than the maximum anomaly for 
local compensation, 0.036. While the average anomaly without regard to sign is nearly the same 
for the two methods, the mean with regard to sign is zero for local compensation and + 0.006 for 
regional compensation to the outer limit of zone O. This, it is believed, is comparatively strong 
evidence in favor of local distribution of compensation. This is especially true as the mean with 
regard to sign for 122 stations, regional compensation considered to the outer limit of zone O 
(see bottom of table on p. 87), is —0.001. The mean in the above table is, therefore, 0.007 dif- 
ferent from the mean of all. 

As the compensation of the higher land is brought closer to the station it is natural that 
the computed gravity at the stations should be less than for the local distribution of the 
compensation. 

The last table of this series gives the local and regional anomalies at 18 stations in moun- 
tainous regions which are above the general level. The elevations of the stations above sea 
level and the distances above the general level are given in the table on page 66. 


Local and regional anomalies at 18 stations in mountainous regions and above the general level, arranged in the order of their 
distances above the general level. 


SE 


Hayford | Anomaly with regional com- Hayford | Anomaly with regional com- 


apomal ensation within outer | anoma, tion within outer 
1912 |  fimit of— cmaly. imit of— 
Number and name of station (local Number and name of station (local 
compen- | compen- 
sation) | Zone K | ‘Zone M | Zone O | sation) | Zone K 
| 
————_—— --  -~—— | | | SS SS SS SSS SS - 
Las Vegas, N. Mex........ +0.003 | +0.002/ +0.003 | —0.007 | 86. Lake Placid, N. Y........ +0.006 | +0.007 
116. Bly; NeOV.iscc.cec osc .edcus — .021} — .020| — .022| — .030 || 103. Hughes, Tenn............. — .029| — .029 
101. Helenwood, Tenn......... + .040; + .041; + .040/ + .037 5. Lead, 8. Dak.............. + .052| + .053 
52. Lower Geyser Basin, Wyo.| — .001} + .001 .000 | — .009 || 68. Yavapai, Ariz............. + .001 | + .001 
51. Norris Geyser Basin, Wyo.| + .021 | + .02 ot .022 | + .008 || 114. Truckee, Cal.............. — .028; — .028 
48. Pleasant Valley Junction, 55. Mount Hamilton, Cal.....; — .0083| — .003 
62 eco ee et + .004| + .005! + .001 | — .008 || 102. Cloudland, Tenn.......... + .004] + .002 
60. Grand Canyon, Wyo...... — .002| — .001| — .001| —.017 || 43. Pikes Peak, Colo.......... + .021| + .013 
98. Alpine, Tex............... + .021 ; + .024/ + .023 | + .008 
64. Nogales, Ariz.............. — .050; — .050| — .055| — .057 Mean with regard tosign.| + .003| + .003 
20. Deer Park, Md............ + .010;) + .012; + .007/| + .001 Mean without regard to 
| SIGN ees is cede ce es: .018 .018 


This table gives strong evidence that the local compensation and the regional compensation 
to the outer limits of zones K and M are much nearer the truth than regional compensation to 
the outer limit of zone O. There is some slight evidence in favor of regional compensation 
to the outer limit of zone M. 

The mean anomaly without regard to sign for regional compensation to the outer limit of 
zone O is only 0.002 larger than for the local method, but the mean with regard to sign is 
— 0.010 while for the local method it is only +0.003, and the former is 0.009 different from 
the mean for 122 stations, — 0.001 (see p. 87). 

The progressive decrease algebraically in the regional anomalies as the radius of distribution 
of the compensation is increased is what one would naturally expect, for as the compensation 
is placed farther and farther from the station it has less effect, and so the computed gravity is 
increased and the anomalies are decreased algebraically. 


CONCLUSION. 


The evidence and analysis given on pages 85 to 91 lead to the definite conclusion that the 
local distribution of compensation is much nearer the truth than the regional distribution of 
the compensation to a distance of 166.7 km. from the stations. This conclusion is based upon 
the great difference of 0.016 dyne between the mean zone-O anomaly for stations in moun- 
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tainous regions below the general level and the mean zone-O anomaly at stations in moun- 
tainous regions above the general level. The difference between the mean anomalies for the 
local method for these two groups of stations is only 0.003. 

There is no evidence which favors the local as against the regional distribution out through 
zones K and M. Whether there is some intermediate zone between 58.8 and 166.7 km. which 
would give as good results as the local distribution could be determined only by further computa- 
tions. 

The discussions under other headings in this report show that the cause of the anomalies 
is local to a great extent. We are forced to believe that the anomalies can not be materially 
reduced by any method of regional distribution of the compensation of general application. 
This fact is clearly shown in the preceding tables, for only occasionally is a large local- 
compensation anomaly greatly reduced by a regional method of distributing the compensa- 
tion. More often the regional distribution increases the anomaly. 

As stated on page 88, the method employed for the regional distribution is somewhat 
illogical in that the compensation for each topographic feature is not distributed separately, 
but the author believes the above conclusions would not be changed if the ideal method 
were employed. | 


Chapter VII. EFFECT OF THE ELEVATION OF THE STATION UPON THE INTENSITY OF 
GRAVITY. 


In computing the correction to the intensity of gravity due to the elevation Of a station 
above sea level the well known formula 


c= —0.0003086 H 


was used, ¢ being the correction for height in dynes and H the elevation in meters. 

The constant factor of this formula was not questioned during the investigation until it 
was found that the gravity anomalies were quite different at pairs of stations near each other 
horizontally, but with a considerable difference in elevation. In the United States there are 3 
such pairs of stations and from the report of the International Geodetic Association 9 sets in 
Europe were selected and the Hayford anomalies were computed for each station involved. 
Later it was found that there are 2 pairs in India. 

There are shown in the following table the data for each of the sets. In two cases there 
are three stations in a set. 

The density is given for information only. Its value is taken from reports of the Inter- 
national Geodetic Association. The corrections for topography and isostatic compensation are 
all based on the same density, 2.67. 


Sets of adjacent stations having great differences of elevation. 


Harford 
Sets of stations Latitude | Longitude H Donsity | g—ge anomaly, 
1 
i int mee Meters. 
1{Prenseanon PUSWIBR ss cece s oes eds Peles wack saw e wee ewe see nes 46 31.8 10 27.4 760 2.4 —0.010 —0. 018 
FYANEONHONS, A USHIIG 6 si os d-ask.dide.0d yn deecs vebuiwebeoeeeeec ee seeeceeenieee es 46 32.0 10 29.0 2188 2.4 — .014 _ 

a Alter Brecke pp MIOTIMBDY i ois coca sce eas Saas dsdne se eeds beww es eviews Sse ea Rees 50 44.2 15 44.6 | 1605 2.73 | + .029 + .121 
Alter Bruch, "Germany CusdersiabeeesNeen aes ietweaadies owe a suas Wee vemane a 50 45.7 15 44.6 917 2.65) + .019 + .U11 
Broch@n, Germany oso ooo 5c wor hse eee kad octele Ou Meads dues eeA ee 4ne sean 51 48.0! 10 37 1140 2.6 + .063 , + .045 

enstein, Germany occ. cce ss sccesseeeauseeewueie saesebts meaamearess 51 80.0 10 36.0 623 2.6 | + .052; + .044 

“Va ©; BWICCOT UA ooo sees Seis oie io win Soon the dies eis ice Keak saee. 46 26.0 6 58.7 1987 2.7 + .026 + .018 
Villeneuve, Switzerland ........ cc ccc cece cece cc cn cece ccccce ce ennsseteceeeees 46 24.1 6 55.7 376 2.6 + .0O19 + .Ol! 
Chanmont, Switverland .. 2.2.0.0... 0 ccc ccc eer c cece ccc cccccceccescsseccces 47 01.4 6 57.1 1018 2.7 + .044 + O36 
Neuenburg, Switzerland................. Bs cies cinkOs saadecee sania ees saaenes 47 00.1 6 57.3 487 2.7 + .032 + .024 
Gornorgrat, Switzerland .........cccscccccccvcccccccscvcesacssenscscscecccss 45 59.0 7 46.8 3016 2.73 | + .033 | + .045 
Riffelberg, Switzerland. .........cccccccccccccccecccccececcececcscccscecuees 45 59.6 7 45.3 2506 2.74| + .055| + (047 
LOMA’, SWIETANG, «5c. cick csv esacecses gee teccceseccevveceadicnseecvices 46 01.5 7 45.0 1603 2.76; + .044 + .036 

1B lalp, Switrerland ssc ccs ceucnsexes aus ieawtciun cis cee wea our ewenteucseee se 46 22.9 7 59.6 2132 2.65} + .010 + .002 
Brig, SwitzerlOd << dcocsescsssccue-caccnccanesvegsiosntesaea cosseeeaeeemars 46 19.7 8 00.4 683 2.72) ~— .00| — .012 

s{F ishorti, Swit zerlan «56 coicias che rcev cw ki eee sdewwe ews ousekeustisweeees 46 25.2 8 06.8 2187 2.65! + .013 + .005 
Fieseh, SWitzerlan oo sssisieies« ocGsie sudan was ecbeue se soeesasees Gansciseaaes 46 24.2 8 0S.1 1049 2. 65 . 000 — .008 
Sanetsch, Switverlan é oie ce ndiani eieea ween eeead eee oles cia de eck e es 46 19.3 7 17.2 2041 2.70 | + .020 + .012 
Gatele; SWitzerleoe sso. 2 oe iss vot be nvalenvinw's tb ee se aes Meabaenk netaavecen cen 46 23.2 7 16.2 1185 2.63} + .021 + .013 

i 1kO6: POGK [COO s 25.655. olc nes Saws eassa o etn eee ee ee ee wie OE EVE Se 38 50.3 105 02.0 4293 2.62 | + .020 + .021 
Colorado Springs, Colo........0...ccccecccecccccecccccceccecceseeceuceences 38 50.7 | 104 49.0 1841 2.4 | +.001| — .007 
11{G rand Canyon Cdveelcd Sele eSelGiowoe ede t ete wN ewes od cece’ Ses Saw awe ewes caus 36 03.9 112 07.1 21790 |... cccees + .009 + .001 
CONGON, AQIS 65 icici oieiit dk hew suo ew ce wikis Seas spied s 624 Ge ebed wea tienes 36 05.3 112 06.8; $849 ).......... — .002 — .010 
eee sete Wain ee et a eek Rae Rae Reena e aus 36 06.2 82 07.9 1890 |.......... + .012 + .004 
de wie awa Ckuiaee se Oilee woe newdeeoe deena nerautiues ewes iaaesewcews 36 08.5 82 07.2 O04 |.......00., — O21 — .020 

spur, todia. Back), WMG froecis ta hi caw teas ews Seen ce ivieeee steed 30 27.6 78 04.5 2110 (2. 8) + .055 + .047 

Ra/pur, In estes ebu Ca Use cheb eee 6 is KON Sa Ok ee OSA SS hae O tek eae at esos 30 34.2 78 05.8 1012 2.5 + .027 + .019 
ia.. CESK Seo e Era eEDeeEeeEOHeREES EES SSE HOSEESESHERESEeEeEeeereooes 30 19.5 78 03.2 682 2. 45 + 006 —_ .002 

1 Orcaud, INGIG sick reese cae Saevewden Ge vecuewhe eh atceweenwewee se eesieees ll 46.9 78 13.5 1369 3.7 — .031 =— .089 
Salem, India...... eececece Soeeeesaseseseesesesenvercesesaser Cevasenevessececes 11 #@.1 78 00.2 230 3.6 baa 048 - 056 
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The following table shows the difference in elevation of the stations forming a set and 
the differences in the anomalies for each set. There are two cases where there are three 
stations in a set. In one case (set No. 6) the mean of the two high stations was used in 
getting the differences in elevation and anomaly and in the other case (set No. 13) the mean of 
the two low stations was used: 


Differences of elevations and anomalies for sets of near stations. 


Difference 


| 
Difference | 


Difference | Difference 


Set No. of elevation: of anomalies Set No. of elevation of anomalies 

ec high—low | high—low | high—low 

eee eee ae er ee Ore: Cee eee ee et aes | eee eee Sey eee 

Meters. Dynes. | Meters. Dynes. 

We G5 5 wise bea tio eee Sd ene a Raton ees a See 572 +0. 004 | Os odin scan ae nal ee Uae Sa utes pete ee ete 856 —0. 001 

re cseea ig ets eG eee wie icon eaten Mead ages trele 2 a8 688 hes SOLOW. VO. kc ccace Pacers nasa ts eee tee rare bee dese. ar ones WoSale ewan 2452 + .028 

Oe ee are ee ed i en eid aise ceae chase 8 517 Be SOOT ||) Mei ca orcas an aurea ou ed Sateen fee tteas 1330 + .Oll 

We occas widta ct 836 oa ib derek we sle we ibibew ale been eee 1611 caer 60 71MIN | [by by teem terete) og tere Pearce rte en tar Unee ate are ae ne Peat 896 + .033 

Dasa sab! Mies grab avech aaa save od les ees wate sane Sew ralte aie esau cer reteeend §31 hee O12 WY Si Sere saicnccacn 5 a OG Maw ae wate ad eaiee oes haces 1263 + .039 

Oe ecaea Goereed oten eae uae Sateen new ewan aes 1188 hee LOM VS oo ence ea lene oo ciutakerash ula sbrte as Dias na rare ais eons & 1080 + .017 
ee en eet ere eres meres 1449 + .014 | 

ea whl Seta au ee Prereie wk date Weta eid Bb Ge 2 PO a 1138 +. + . 198 


It is seen that in only one case is the difference in anomaly negative, and this difference is 
only 0.001 dyne. On an average a difference in elevation of 100 meters causes a difference in 
the anomalies of 0.0013 dyne; and a difference of anomaly of 0.0010 dyne is caused by a difference 
in elevation of 79 meters. 

If a change of 0.0000130 in the constant term of the height formula were made, the resulting 
formula, c= —0.0002956 H, would make the total difference in the anomalies with regard to 
sign equal to zero. 

The derivation of the constant term of the formula from the observed value of gravity at 
124 stations in the United States made its value 0.0003066, with a probable error of +0.0000017. 
That the height formula is in error by such an amount as the 0.0000130 indicated by the above 
data is improbable for two reasons: First, because if the changed height formula were used in 
computing the correction for elevation for the United States stations, there would be a strong 
relation between the elevation of the stations and the gravity anomaly. The higher the station 
the less algebraically would be its anomaly, whule with the unchanged formula there is no 
apparent relation between the anomalies and the elevation. Second, a very careful and thorough 
investigation was made by W. D. Lambert, of the Survey, which failed to disclose any flaws 
in the derivation of the constant factor of the formula. 

An investigation of the subject along other lines was made, and it was found that there are 
several causes to which may be due some of the difference in the anomalies at high and low 
stations which are horizontally close together. 

First. In general the higher station of a pair is on a mountain peak which has comparatively 
stcep slopes. The corrections for topography were computed by the zone method, the average 


elevation in the zone being used in the computations. This has the effect of lessening the effect ° 


of the closer part of the topography in the zone, as the leveling method involved in assuming a 
uniform average level for the whole zone lowers the nearby topography and increases its distance 
from the station. <A test was made of the effect of using narrower zones from the station out 
to a distance of 2.29km. The tables for these zones are shown on pages 11 to 18. When the 
effect of the topography near the high station was computed with the narrower zones for sta- 
tion Pikes Peak, a difference of 0.0033 dyne was found. At station Yavapai, Ariz., the 
difference was found to be 0.0031. The sign of this difference is such as to bring the two 
anomalies for a pair of stations nearer together. 

Second. It may be assumed that in general the higher station of a pair is on topography of 
greater density than the lower one. The former is usually on a mountain peak which is com- 
posed of well-compacted matter, while the lower station js in a valley or in the foothuls, where 
the material is not so well compacted and has much more porosity than the higher mountain 
mass. It is sometimes true that the two stations of a pair are on different geologic formations. 
The higher station in general is on the older formation with a greater density. 
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If it is assumed that the high station is on topography which has a density 0.10 greater 
than the assumed normal (2.67) and that the lower station is on material 0.10 less than normal, 
and that these densities obtain for all the topography above sea level, then the topography for 
tho area near the high station would have a greater effect than that which has been used in this 
investigation, and, conversely, the topography at the lower station would have a less effect 
than normal. 

This is shown in a clear manner by making the changes in density at Pikes Peak and Colo- 
rado Springs. The change in the effect of the topography within a radius of 3.5 km. due to 
increasing its density 0.10 is +0.0085 dyne, while the change from decreasing the density at 
Colorado Springs by 0.10 is —0.0057. The sum of the two changes in topographic effect is 
+0.014. The difference between the anomalies at these two stations 1s 0.028 dyne. The changes 
in density in the topography near each of the stations reduced by one-half the difference between 
the anomalies. The changes at the two stations Cloudland and Hughes would be + 0.0054 and 
— 0.0035, respectively, and the difference of the anomalies at the two stations would be reduced 
from 0.033 to 0.024. 

In practically all cases the difference in the existing anomalies at two close stations, as shown 
in the table on page 93, would be reduced by increasing the density of the topography at the 
high station and decreasing the density of the topography at the low one. The only exception 
to this general rule is pair No. 9 in the above table. Here the lower station has the larger 
anomaly, but the difference between the two anomalies is only 0.001 dyne. 

It is scarcely possible to make a correction for erroneous density of topography used in 
the regular reductions, for even if the density of the surface rocks were known one would not 
be justified in assuming that the density of the surface obtained to any given depth below the 
surface. 

Third. Another correction could be applied to the combined effect of topography and 
compensation at a station which would make the differcuce smaller between the anomalics at 
a pair of stations close together horizontally but with different elevations. In making the tab!es 
for computing the effect of topography and coipensation it was assumed that the compensa- 
tion began at the surface and extended to a depth of 113.7 km. This was done to facilitate 
the computation, although it does not seem to be a reasonable assumption. It is more proub- 
able that the compensation begins at sea level or at some lower depth. If it is assumed that 
the compensation begins at sea level, then the effect of compensation for the topography near 
the station above sea level is less thun when computed by the usual method. 

If the average elevation of the topography in a near zone is 1900 meters (6200 feet), then 
the change in the effect of the compensation will be one-sixtieth of the effect of the topography 
in that zone. The approximate general rule is that the effect of compensation of topography 
near the station will be reduced by an amount equal to the product of the elevation of a zone 
by the correction for topography for the zone divided by the depth of compensation. 

Let us apply this at Pikes Peak. The elevations for zones C, D, I, and F are, respectively, 
4300, 4100, 3900, and 3700 meters. The corrections for topography for those zones are, respec- 
tively, +0.0165, +0.0325, +0.0545, and +0.0639 dyne. The change in the compensation for 
the four zones is 0.008, and this is the amount the effect of compensation at Pikes Peak is 
reduced. There would be a further reduction in the compensation if the test were made for 
a few zones beyond zone F. The effect of the change at a single station becomes zero in gen- 
eral at about zones J or K. For the outer zones the effect is small for any one station and for 
a pair of stations the effect on the relative anomaly is negligible. 

At Colorado Springs, the lower station of the puir, the average elevation of the topography 
out to the limits of zone Fis about 1800 meters, and the change in the effect of compensation by 
having it distributed from sea level for zones A to F is 0.002 dyne. The total effect on the 
difference in the anomalies of changing the position of the upper surface of the compensation 
at Pikes Peak and Colorado Springs would be about 0.010 dyne. The reduction of the differ- 
ences at other pairs of stations in this country and abroad would be less than this, in most 
cases much less. 
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If the depth of compensation were materially reduced, say, to 60 km., then the effect of 
starting the distribution of the compensation at the sea level rather than at the surface would 
he about double what it would be for the depth 113.7 km. 

The table on pages 103-105 shows that if the depth of compensation were 127.9 km. the 
difference in the anomalies at Pikes Peak and Colorado Springs would be reduced to 0.026 dyne, 
und it would be further reduced to 0.021 dyne if the depth were 184.6km. If the depth were 
42.6 km., the difference in the anomalies at those stations would be increased to 0.051 dyne. For 
85.3 km. it would be 0.033 dyne. A change in the depth makes practically no change in the 
difference between the anomalies at the pair of stations Cloudland and Hughes. The discus- 
sion on page 111 indicates that a depth greater than 130 km. is very improbable. 

If the compensation has a regional distribution rather than a local distribution, then the 
anomaly will be reduced at Pikes Peak, it will remain about the same at Colorado Springs, and 
the difference in the anomalies at the two stations will be considerably reduced. If the distri- 
bution of compensation is regional to the outer limit of zone O (167 km.), the difference in the 
snomalies will be reduced from 0.028 to 0.012 dyne. It would be 0.016 dyne for regional dis- 
tribution to the outer limit of zone M (59 km.). The regional distribution of the compensation 
does not materially reduce the difference in anomalies for the pair of stations Cloudland and 
Hughes and for the pair Yavapai and Grand Canyon. The effect of regional distribution at 
the pairs of stations not in the United States has not been computed. On page 91 it is shown 
that the regional distribution of the compensation to a distance of 167 km. is not so probable 
as the regional distribution to a much shorter distance or as the local distribution of the com- 
pensation. 

We may conclude that the systematic difference in the anomalies at a pair of stations 
close together, with one high and one low station, is not due to error in the height formula nor 
to error in the assumed depth of compensation, but that it is due in part to errors in the assumed 
densities of the topography under the stations, to deviations from the normal densities in the 
material below sea level and in the upper crust, to the use of wide zones in computing the effect 
of the topography, to the probably erroneous assumption that the compensation begins at the 
surface of the topography, and to the assumption of local distribution of the compensation. 
That the cause is located in the upper crust rather than in the lower crust is evident from the 
fact that any deviation from the normal conditions in the lower crust would affect each of the 
two stations of a pair equally, or very nearly so. It is probable that the effect of any one of 
these causes varies considerably for the different pairs. It would be impossible to arrive at 
the true effect of each one of the causes for any pair except the effect of the use of the wide 
zones. ‘The difference in the anomalies is probably due to the combined effect of all of the 
causes. 


Chapter VITI.—_ EFFECT ON THE INTENSITY OF GRAVITY OF CHANGES IN THE DEPTH 
OF COMPENSATION. | 


On pages 103 to 105 of Special Publication No. 10, ‘‘The effect of topography and isostatic 
compensation on the intensity of gravity,’’ is a discussion of some preliminary tests of the 
effect of a change in the assumed depth of compensation on the gravity anomalies. The con- 
clusion reached was that the available gravity stations probably would not determine a depth 
that could compete in accuracy with the depths determined from deflections of the plumb line. 
The further accumulation of material and the further study of the question have brought about 
a partial revision of this conclusion. 

To study the effect of a change in the depth of compensation it is necessary to have the 
effects of topography and isostatic compensation for different depths. To make these compu- 
tations with complete theoretic accuracy would require a great amount of labor, even if there 
were available complete sets of tables similar to those on pages 30 to 47 of Special Publication 
No. 10, but computed for depths other than 113.7 km. This labor was greatly lessened by the adop- 
tion of the approximations below. The results of the computations are given on pages 100-102. 

The effect of topography is not altered by a change of depth, but the compensation, and 
therefore the resultant, changes with the changing depth. The method of computation con- 
sists in multiplying either the compensation or the resultant of the topography and compen- 
sation by s factor depending on the depth and on the zone involved. 

In the tables on pages 30 to 43 of Special Publication No. 10, the correction for elevation 
of the station above or below the compartment is, strictly speaking, the correction to the com- 
bined effect of topography and compensation, but most of the correction is due to the change 
in the effect of the topography and the part due to the change in the effect of the compensation 
is relatively small. The change with changing depth in the part due to compensation will 
generally be smaller still. Neglecting this—that is, considering the compartment to be on the 
same level as the station—the formula for the compensation C is 


C=2rkd{c,—¢,— yop +f + ve+é} 
in which k is the gravitation constant, c, and c, are the inner and outerradii of the zone, and ¢ is 
the depth of compensation. 4 is the density of compensation and for land compartments is given 
by the formula, 5 = 2.67 + where his the mean elevation of the compartment, the density of the topog- 
raphy being assumed as2.67. If C, denote the compensation for depth 113.7 and C, the compensa- 
tion for any other depth, it is evident that or a is independent of h, the elevation of the 
compartment, and also of the assumed density of the topography, and depends only on the two 
depths involved. The quantity cai was computed for an arbitrary elevation of comp art- 


ment but applies equally well to any elevation and was so used. It is the factor which multiplied 
by C, will give the correction to be added algebraically to (, to give Cz, the compensation 


at the new depth. The values of Ce AS for various depths of compensation are shown in the 


following tables for zones A to O. In interpolating values of Go Ge for depths near 113.7 km., 
0 


C,—C, 


it should be remembered that 
59387°—_17———7 97 


is zero for this depth. 


98 U. S&S COAST AND GEODETIC SURVEY SPECIAL PUBLICATION NO. 40. 


Factors, Ca So, used in computing compensation for the given depths. 
0 


ee 


Factors for depth of compensation of— 


Zone 
42.6 km. 56.9 km. 85.3 km. | 127.9 km. | 156.25 km. | 184.6 km. 

ie ea sages I ogee a ee ee eee Re 
DM ciel eee phate sett ene a toe chsh al ota lene +1. 67 +1.00 40.33! -O1n —0.27 —0. 38 
77 eae ONG RAE RE GE ARES DR RT nae I MC tnon MERE ii ER OT +1.67 +1. 00 be ee — 127 — 138 
Cn ees owns aioe dae dnp acweee diva wale Coenen genes veueeneyerwaabiees +1. 66 +1. 00 + .33 St — 27 — 38 
Died aieewieca ord cade dean) ori sae aw eee owas eae a Seas ee ee aeeRS ee +1.65 +1. 00 + .33 — li — 27 mi Ae 
Fee eek nec ceweeteeceecoc cee bees sakaretewliGes ends deeseaetees eceee as +1. 63 + .98 + .33 ae | | — 27 — .38 
Bee icca wee ew ce nie aes soe cata Rea ay nae es esha nade ees +1. 60 + .97 + .33 —-.u — 27 — .38 
Oia wae eeseceuaunte pina ws Gee ec coeur ees es SUG a a ee ar eee Ne eee eee eins +1. 55 + .95 + .32: -.ll — .% — .38 
a wets ne ne en man a ees a eas oh ee sonn +1. 49 + .92 + .32 | ~ — 6 — .37 
Da ees Seiwa eine Oe eae Sao hn or ene Slo Sie sa ae SV ea eaeneeaweeeeeasies +1.39 + .87 + .31 | e160 — .%6 ere 
Vindale. Coble ciety aes win sl lee ton aa mind a eitecgiaai caastt aber aaa amas +1. 24 + .80 acon — .10 — .25 — 36 
eck Ceeailes wane soe caeieeee nee cctew es bemesidea ses warden cea ceeekaes +1. 03 + .70 + 27 | — .10 — 2 wee 85 
Diereconctcpiesearsacreusseees bec cls Sa Raveds + eae ee oe 6S ee The Denes +. + .55 + .B — .09 —~ 2 — .32 
Moa ty na Sus Ulan pene e sete pases as teen t eee nee reea eee ees + .22 + .24 + .14/ — .06 awe | — .% 
IN ei cha a ag ee rade tee nia Bult agli — .B — .10 005 = — .02 = 07 — .14 
Qoectenecscotsdecpuntewtxescumesuss bese tealead eee bees ee ace ne epee eget — .45 — .31 — ll, + .03 + .06 + .05 


The factors in this table were also applied to ocean compartments, although the com- 
pensation which begins at the bottom of the ocean is never on the same level as the station. 
The error, however, is not large. For ocean compartments the density is 0.615 times that of a 
land compartment when the height of the Jand is equal to the depth of the ocean compartment. 
The sign of the density is reversed. 

For the outer zones, numbers 1 to 18, a correction factor is applied to the resultant effect, 
R, of the topography and compensation. This resultant is proportional to the elevation of the 
compartment, or 

R=ph* 


in which hf is the elevation of the compartment and 7 is a factor of proportionality given in the 
tables in Special Publication No. 10, and there computed by the method of quadratures.t IIEfa 
subscript zero denote the values of R and p for depth 113.7 km., and the same letters with 
subscript d the corresponding quantities for another depth, then 


Ra— Ro _pa- Po 


Rh, Po 
or the correction factor, sae, is independent of the height of the compartment, though for con- 
0 


venience in computing a standard height was assumed. The values of this factor for various 
depths are given in the following table. The factors are to be multiplied by the resultant of the 
topography and compensation for depth 113.7 km. in the same way as the factors in the pre- 
ceding table are to be multiplied by the compensation and give the correction to be added 


algebraically to the resultant for the depth 113.7 km. to obtain the resultant for the particular 
depth in question. 


* The corrections for departures from proportionality and for elevation of station which occur in zones 14-18 are neglected as unimportant. 

t The resultant might have been found mathematically by integration, but this was not discovered until Special Publication No. 10 was in 
press. The formulus of integration and the tables for its use (based on zones different from those used by the Coast and Geodetic Survey) are given 
by G. Cassinis in publication entitled ‘Sull ’Applicazione del Metodo Isostatico alle Riduzione delle Misure di Gravita,’’ Rome, 1911. In 
computing the density of compensation of his outer zones I to X X, Cassinis neglects the convergence of the verticals bounding the compensation, 
and his density of compensation should be multiplied by approximately 1.019. Although this error is less than 2 per cent of the compensation, 
since topography and compensation are large and nearly equal for distant zones, it completely falsifies the resultant for these zones. This error 
is repeated in the publication by Reina and Cassinis, ‘“‘Determinazione di Gravitaé Relativa compiute nel 1912a Roma, Arcetri, Livorno, Genova, 
Vienna e Potsdam,’’ Rome, 1913. This error was corrected before use was made in this publication of the computed reductions for topography 
and isostatic compensation given in the publication just mentioned. (See p. 57.) 

In Gerland’s “ Beitrige zur Geophysik’’ Band XII, pp. 588-638, there is an extended discussion of formulas by Erich Hiibner entitled, “Beitrag 
sur Theorie der isostatischen Reduktion der Schwerebeschleunigungen.’’ On p. 638 he notes an error of 2 per cent in the tables of Special Publi- 
cation No. 10, due to neglecting the convergence of the verticals. ‘This error is, however, 2 per cent of the small resultant for any compartment, not 
2 per cent of the compensation, and may, therefore, be neglected. 
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R —R e e 7 hs 
Factors, Re 2, used in computing resultant of topography and compensation for given depths. 
Factors for depth of compensation of— 
Zone —_— ————_s $e 
42.6km. | 56.9 km. 85.3 km. | 127.9 km. | 156.25 km. | 184.6 km. 
AB edo sacs seccuacce ueatuin sc vateceees cea badwa ek nae esatecesueiaoewseees —0.53 —0. 41 ~—0.17 +0. 06 +0.14 +0.19 
A owes Seer e pe iscsi caaad os Gie PRs ba Gl saeuee anes ctna nas Revedendeeeisry — .56 — .42 — .18 + .07 + .18 + 24 
VB eros Se Ci fates ast abet ys oe see b a wie da eatonag ahaha ue oleh 1uaSe Saute — .57 43 — .19 + .08 + .21 + .30 
Ne oiets easora Aa insta vic ees aaa else do eas es ek Cee eases seataate — .58 — .45 — .21 + .09 + .24 + .36 
Wied cree atcha ak tee ee ate cae cee eee etiuauels — .59 — .46 - .2 + .10 + 27 + .4l 
1B eSisdeedwewes we eeeeheccacedseaS sess es eas ye oho oens eee sahee ne seue snes — .61 ~ .47 — .B + il + .30 + .48 
pe re aT er ere eet eer ee er rr rere — .62 — .49 —~ .24 + .12 + .34 - + .54 
LA wicks Gita cae seine we cok 24 Cae een e RAGE K eee we ex Vee Me euawe eS ae verse — .62 — .49 — 24 + .12 + .35 sh) 352 
MO rae tras ace nc Sone ae ee eae nana ecoasenc tat — .62 — .50 — .% + .13 + .36 + 50 
Abe evened Chen ones eeew eer neecsn sdnesuene se wees Steeeewwuelet aeemesuee — .62 —- .50 — .4 + .13 + .37 + .62 
Boe shee a ee wa aa Leah wslg Ree ares ae ewes oes Regence eee — .63 — .50 — .B + .13 + .38 + .63 
Deccan eden eae hanna oe aa nai Peed mateaniies ama socpas saan eaeas — .63 — .50 — .3 + .13 + .38 + .63 
Oks iio date Se habe wek aw Sad Saar ee ele Rae eee tes See eS yee eae eee see — .63 — .50 — .25 + .13 + .38 + .63 
DB cewicede ca esto cine Sea soe SG ae ORS LEAN GOS a ka EA ENTS LRP he cs seas — .63 — .50 — .2 + .13 + .38 + .63 
We cee std shel etdca nen ae ate tie tna ace a gaina ere taoaaat, — .63 — .50 — .25 + .13 + .38 + .63 
Bhs Sates cua seers eed ens oat a ree et ea mee Gas baat nea eeaeees .63 — .50 25 + .13 + .38 + .63 
Bid Ch K Wea Ck Ew ARES bE E ENO POSER Wh Unies DAEw Ewa s Ga Meee Sees — .63 — .50 .25 + .13 + .38 + .63 
Da Siciaha Cae ele ius sgn Meas aa PEe Cha wa aa eee Sia Ne Mahe teaw ae Meena cede. .63 — .530 2 + .13 + .38 + .63 


An example of the use of these tables is given below. The quantities in the second and 
third columns are taken from page 42 and are multiplied by the factors in the tables on page 98 
and above and the products are placed in the appropriate column. The total of these products 
for a given depth is the correction to be applied to the effect of topography and isostatic com- 
pensation for depth 113.7 km. in order to obtain the effect for the depth in question. 

In the same way the computations for other stations in the United States have been made, 
and the results to three decimals of dynes are shown on pages 100-102. 


Corrections for change of depth, station 195, Lander, Wyo. 


(These corrections are in units of the fourth decimal place in dynes and are to be added algebraically to the effects of topography and compensation 
for the depth 113.7 km. to obtain the effects at other depths.] 


Result- 
Compen-| ant, to- Correction for depth— 


sation | pography 

Zone only 113.7; and com- 
km. pensation 

113.7 km.| 42.6 km. | 56.9 km. | 85.3 km. 


| 
127.9 km. 156.25 km.) 184.6 km, 


| 
| 

| eee LEN TRA TT RE RE SM EE Re Te REN nee 0: Sasdaste 0 0 0! 0 0 0 
Bc cick tise case ne wees aetoay eat oaaive baa case at eedeeon unaon Dleesecrcuas 0 0 0 | 0 0 0 
Oe ee ee Gs eeeiee ee ae © Oo} +1 + 2 
DD sc cdecnecpa Mae Sodas arate aaa ee abs wt ae ainda aaa ee tw Ala Aare ota ee Oe tom iene — 10 -— 6 —- 2) + 1 + 2 + 2 
Be sects Minne Cee See eeu dice aar ant weiner aia ene ote ot ag . 3 ee eee — 13 — 8 -—- 3, +1 + 2 + 3 
Wiccan cade tate eae en esas tale Conahaeaed eur et acces — Of... — 32 — 19 —~ 7' + 2 + §& + 8 
Cons cited sia voh aan s coatat ma teaavaecuesentareutnans DE cst akin — 37 —-23;) — 8' + 3 + 6 + 9 
EE apc wn ndcnae dada saw aiaes Geet deus ne gam oaab eases ee 2 Deen ane te — 48 —~29' —-10: + 4 + 8 + 12 
Mead a ere ed tet ae ieee se a ha — 43 |.......... — 6 —37| —13: + 4 +l + 16 
Doct ete ye ee eae dee es oa acuuntises — 66 |.......... — 8&2 —~5:  —19| + 7 + 16 + 24 
Wooo nc loriateaid dont nated anes sane wbswaaeiawsntersiarweks —109 f.......... —112 —-7%:' —-29! +11 + % + 38 
Dig sihavape sa crrddaaahtoaeee dates Su aaa Mute a ute has aaslee —158 |.......... —115 —87,; —36, +14 + 35 + 51 
Mobos ee oie tance ae ecwiac ae heen eae Soa eae tenet —425 |... 2.000. — 94 —102 — 60 | + 26 + 72 +110 
I oat arte tees ach endl aye Bs arctica ecient oral anita oaeant a meses Sie —373 |.......... + 8 + 37 oO; +7 + 26 + 52 
Ova eiccah ca ginobetindie da denr al iis Mextentasceor vesagceaeeel —Hl |.......... +153 +106 +37! —-—10 — 2% —17 
DB ss csdes sais cna sesadesoesieess iasidonteaeiated meatcpanewuseel Muamermeree — 68 + 36 + 28 + 12 -— 4 — 10 — 13 
Dy er cketac coh oe te te nance cosas iinet ae on otal adie — 68 + 38 + 2 + 12 - 6 —-12 — 16 
Des hed ge canncise, acetone theses aside dt anes eter aaa aber ctaaee | tate te hee - 71 + 40 + 31 + 14 = 6) =< 16 — 21 
DB cain aie ee Mane etanaes nie ie ous eek eane a uaeieaulaawtedess — 66 + 38 + 30 + 14 —- 6' —16 — %4 
9A ore aie Sted te eis re Ae tata marta ca Renae Geb erGetdg kn tai lara! — 61 + 36 + 28 + 13 — 6 — 16 — 25 
Pascal agak ane cee pera iaiaanta atoms ras Bec teeta en te ~ss| +54! +41] +20! -—10| ~2 — 42 
1D ce Scene eta te mar hincien cites Vos culieaenan uae — 51 + 32 + 25 +12, — 6 — 17 — 28 
Dh eras aah i Gainataaueratemsie n aed co dnataietaata cette bucenteuee se — 37 + 2B + 18 + 9|/ — 4 - 13 — 21 
DO era eal ciate eh ae dee oa een aaa lh coats —17 +l + 8 + 4 - 2 — 6 — 10 
Da erat serge a aion ola lsnevdaannsn cca ealeoae ian acu natamial moakeeaneh 0 0 0 0 0 0 0 
Bice street iastd acre ade aed eke avelioue tus vacua aur taewawaees + 8 - §& — 4 — 2 + 1 + 3 + & 
Tbe issue. Mies oanehe aun naa eaten ea oon aii cine We a cehueie Wiatle ath ee + 7 - 4 — 4 9 + 1 + 3 + 4 
ois cies caesar octal tea oodles feats wis ceiaalluenwnoe cece adbnddl ie ateoaeal + 9 - 6 -— 4 -— 2 + 1 + 3 + 6 
Belen shone deals aathda s oeaatin nacre iw eae cetae aa ta nee tenes + 9 — 6 —- 4 = + 1 + 3 + 6 
Bhat ts ee BE cata asl deepen edicts tea ate iclae ara avanti th Uleeeecetdeas + 8 — 6 — 4 —- 2!) +1 + 3 + & 
eee Re PO Mee RL en mn NN PTOI ee taen ar ee BORN lee arse +5 —3 — 2 — 1.1, +1 + 2 + 8 
Devoe lising woken ole Cae ulate ue Mau oe oes Sea aeen nn UalelEs Geen + 3, —- 2 - 2 aa 0 + 1 + 2 
Bicostea leita eeeten es uncon tndd senetnsaunstans ven due as enna) ogces takes +1); - 1 0 0 0 o| +1 

TOA ecb yaa dite lad Neat eakeries paved ow meceee se dtaeeeent Meo een | —95 — 87 -5, +27 + 7 +142 

Total topography and compensation, 113.7 kM. .........].-. 0... ee lene eee eee | —275 —275 —275 —275 —275 —275 

Total topography and compensation at given depth.....]..........]....-.666- | —370 —362 —328 —248 — 198 —133 
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Number and name of station poet 
to Key West, Place ees ces Ge eda em nena bites veneer eneune +0.017 
2. West- Palit’ Beach BIR: veisco. vs wcdwnate ack bas core saws eeueusneceee + .016 
Oe PUN GOT, Tavera eeu e Gece eo eee care G et wile + .008 
@. Apalacnivola,: Pig. oc co coc okt a cau etter tinde cee tas we ea ceesaeee as + .006 
5. NeW OFIGB0S, (EB) occ ore uaa eed anus neveescus wee et a + .005 
6. Rayville; Leen 5 cos cue che ten ee ed Seated tose eee ees + .005 
te, GOIN OSION 7 LOX a aster ee esae et cuctaan ee oleae eco eeee us + .003 
Bo Point Wea bel) Ok oe. eaten ccc wacked oeetuwhl i eeieeceecew as + .007 
O. PAI@dO, VON esc oe eo a Ue g ek hk aaa a ew IR eet ciate + .004 

10. Austin, "Tex. (Capitol) a fecn os ets ects Je ven es mete ets — .005 
11. Austin, Tex. (university)....... 0000.00... ee eee cence cece cnccees — .003 
122 MCALCSIOR OLB a oe oreo ett tare hoo aa aie hrc Sec ceeweete eee es . 000 
13; Little, Rock, Atk: ccevdecs hse ccdd sek cewee enews oueeeesiewvseeees + .003 
14 COMIN a TON owes a cde ob eed atoce sense She cesenacendees + .003 
15. Atlanta, Ga......... seu ee Stee ale at ele eee ne ae + .008 
TOe MCCORMICK, Sol cates cae ek Cor ete ues ea tanly + .008 
Vi CIV IPIOSEO Be OC ea orn corthte ct te ietet one dae sega eee out + .006 
TR. TROOIORt Nos Cenk a ea hte te ates eee lac he he can Ata + .015 
POC CIAPIOUIOS VING, Nhe ons sos cai ce viet cage ce enaeece aut weirs — .002 
2. Door Park, Md................. (abe uuie'l 0 eee esc caw Seen Suis Sake + .021 
21. Washington, D.C, (Coast and Geodetic Survey Office)............- - 000 
22. Washington, D. C. (Smithsonian Institution)....................-- — .001 
235 Baltimore: ‘MO so cid cccsce cicceu deer venue Cokiewo mesic se deseeescel “Fs 00l 
PA TENG NUN 5 PA oo oi a ne cata as OBmral cha dete tenets + .003 
2s. PTIMCOLON, Wedd cca ds on ideotnnscestans Coser Save iakeearvaueee gene + .007 
26; HHODOMON LIN 6 Us tsice ects t hse eredee ow eae ere Soto ee eet + .001 
27. New York, IES A a cree aa eae ig a ALO Se Sad escent nS AA ed + .004 
28. Worcester, Mass..... acca cents Pettey OWige da aiiees Guibas os creer oe + .007 
20. DOSUOMN,. AEOSS <a wii Acd wiidoehe tien ee ghgldu cube seks eee ced eee c + .005 
30. Cambridge, Mass..........---2.. ese eceeceeeeee. pete Ue nmuncn tae 1-002 
a OIG NE Oat ae es at ne Pl ce ee alan Pea + .005 
Be RULINCA IN 5 VSS os ee Recs cstuie etal va eae ne tere wa pon ting as ea mre anti — .001 
Sof loveland) OIG. 22 siccct ee et teeth eeu oye nuckeedatiegs tomes — .002 
34. Cineinnath, Ohio...... 00. scsce cece cece” + .001 
S5¢ LOI: IIWUl6, ING eos core reeehs ova nd caus sSiee cauebawerewataeeese Gen . 000 
OG. 20 NICO; UNS x oon Slo ae oe etre ati Oo erie snl le ata ete + .007 
Bio MOGISON, WAS: 262k ot cs sees ie ede scene ou sews hoo ole cevaguhian ys + .00L 
ORs Se LOMis; MO ss oe Sots Sete Slee dees ec a cua ata cate ewe cS + .002 
Oo, DANSAS CILY MO. soe sated caine. c sua lon eicleeoae kee as ou see ee awe kis . 000 
40.-PUSWOrh, KRUUS. 66 foi de ew go wclaec oH Ui wre eho dws onlose be Sates — .008 
41. Wallace; (Kanes o i003 cc Jutoue ot ivicabasoieuniewn tate noavacewiwese ns — .007 
42. Colotado Springs, Colosives 4 xk ove dena dicey vec oeuda 054 cen deSeeces os — .024 
43. -Pikes: Peak, COlOs4 ccc osc dois ccekudaecseds Cebu tex ease wackekalaeued + .147 
44. Denver, OGG eee ete ne tat hae ee ei — .015 
45.7 GUODISON, COlO. ies iees eles pei eee ek iGle hacks snc aus — .02%4 
46. Grand Junction, Colo... 2... ccc ccc cee cc cnn cece ccc ccetcccscees — .050 
47. Groett River, Utab ie 2k 2s ois os sae ccun wie cian cudeetnue eens — .036 
48. Pleasant Valley Junction, Utah. .c.co- sss oeroccccccceccecccee eee — .002 
40, Salt Dake CIty, Uta os co es de ca est cue dee ca cgindiincatewnos oeanies — .044 
50. Grand Canyon, WYO... 0... ccc c cece cee c cece eenccscececes + .009 
51. Norris Geyser Basin, Wy0.... 0... ccc cc cece cc cece cece ccc ccececce + .005 
52. Lower Geyser Basin, WY0. 2.2.2... ccceeeceescnctectevecstccececeves + .004 
53. Seattle, Wash. (UNIVOrSILY) 0... cece cece cece ence ccencccce — .012 
BE. SanB raneisco: Ca by csc gue ee Sek iene ol wien ormcdiee ence as + .024 
55. Mount Hamilton, Cal.... cc cece eee eee eeeeces + .092 
56. Seattle, Wash (high school)................0ccccccececcccccccececeas — .009 
ee ATOM VONy OF MON ens Fe ee kbar eal atas havea raticesneg uN acu + .006 
GS. iy: NA os Oe blac sweat waeidue csie ee babies sft lessees eet + .004 
60. Vembing, NC DAK o6c6s'ce scree taki Ui igh ae aa awa mee btccod — .006 
OO. Mitchel, Be Dak ow 6 oa caeon ed tek Vee S scdinai ase ual sco ws aah eee sere neck — .004 
Gl, Sweetwater, T6X onic cos dew aeons ot esac ccd eerie sho eeetet ec aeds + .0083 
G2; TROPVING, NOX were ches woodteee eka natn Otsu oe ekac tbe uae tes + .003 
Go TL PASO VON solo a tte ook tee eg ha Meee al ue ot 8 — .005 
Ol NORTIOS CA TIL 22: core fauino tite u nee, ches bane gus (ouut one een uaeee + .020 
Os, YIN AED aces 3 ot Cori the siamare hae sia ee hue Ce seed boa aan tias — .008 
66. Conmipton, Cal csc. ese secs us ence Sasa ceMaw eke So Ue dcaleteseed — .005 
G7. CrOMLNGIC, NOV eves acon qeida aceaeay scm. se as nek handel ee ucaeu tele, + .006 
GS; VOt api All hic eacege toes ie eden sumiSeipesande aca wares + .016 
69. Grand Can,on, Ariz..... Uaineenee wm eek eae Gee ae hac S — .110 
70. Gallup, N. Mex.......... Mime ee een oe a ewe eo eibatee i cSohdiot came e ue — .006 
fhe as V6gds, No Mex oe ee ia ee ee i ek — .004 
2s SNOMIOCK, POXs2.. occulta nas foe ecetnd acon aaa bhau wilds yieesan deuce + .003 
185 DOMUISON TONG ok eos alae lc buh gow ede htndia'c pitied a oiStorara desea eaters — .002 
74. Minmeapolis, Minn..... 2. ce ccc ce ccc cc cece ceecesnccece — .004 
75. Weald, Ge DOM ce heat ne as se es es te a + .025 


U. 8. COAST AND GEODETIO SURVEY SPECIAL PUBLICATION NO. 40. 


The following table gives the effect of topography and compensation for cach of the 219 
stations in the United States for various depths. 


Corrections for topography and isostatic compensation for given depths of compensation. 
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Depth, | Depth, 
85.3 km 
+0.029 | +0.035 
+ .925 |} + .01 
+ .016| + .020 
+ .012| + .015 
+ .010; + .013 
+ .006| + .008 
+ .006| + .007 
+ .013} + .015 
+ .003| + .003 
— .Of/; — .00 
— .002}; — .001 
000; + .001 
+ .001/ + .001 
+ .004) + .006 
+ .012| + .014 
+ .009; + .012 
+ .012] + .016 
+ .028 | + .036 
.000 | + .002 
+ .05; + .041 
+ .002; + .004 
+ .001) + .003 
+ .003 | + .006 
+ .006; + .009 
+ .010; + .013 
+ .005| + .008 
+ .007| + .011 
+ .013 | + .018 
+ .010/ + .013 
+ .007; + .010 
+ .008; + .010 
+ .002; + .005 
— .002 . 000 
+ .001;} + .002 
000} + .001 
+ .006 |} + .007 
+ .002) + .003 
+ .001} + .001 
— .002} — .O01 
— .04 |} — .004 
— .003 . 000 
— .014] — .007 
+ .175) + .187 
— .018 | — .015 
— .012{ — .00) 
— .04; — .051 
— .43; — .O43 
+ .014| + .024 
— .0444/) — .041 
+ .027 + . 038 
+ .021 | + .031 
+ .018 | + .028 
— .019/} — .020 
+ .0388 | + .045 
+ 112; + .120 
— .017; — .018 
+ .O11 | + .014 
+ .007; + .008 
— .008} — .009 
— .005 | — .006 
+ .007| + .009 
+ .010 | + .013 
— .002/} + .001 
+ .032 | + .038 
— .010; — .010 
— .002 . 000 
+ .019 | + .027 
+ .027 | + .0°4 
— .102} — .096 
+ .006| + .014 
+ .009) + .017 
+ .005 | + .007 
— .0o1 |; — .001 
— .005 | — .005 
+ .038 | + .044 
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%6. ; 
TU SEIS Al6, MON Ciao. cos oie ts vc ndahs as oauS asa eas eus Guia tags bs 7eeees — .012 
78. Sandpoint, Idaho...... i ptidia se bs Gn taek vied DEREX Shang ee eee eee — .042 
TO... THOUS TORN Owais oo cee SoS een pie hin cee awe a ee — .035 
80. Astoria, ROR. cctoae ek ony ol ba Ried Seed tae t aces ae ye eee Bemeaaas ens + .001 
8). ‘Sisson, Cal csc a cdastece st weld ces aeel ete saad ae eons — .015 
82. Rock Sprin BW VO es card te ae rag thE et arena ogden ane Seal Mra — .014 
83: Paxton: NOE si icc cn cciwcieiatiae eek aed LANe hee ben eG Meee ee ces Ees . 000 
84. Washington, D.C. (Bureau of Standards) ...............ceee cee eees + .008 
85. North er V Gewese ee ee ee ee ee ee ee ee a ee ee ee oo — 007 
86. Lake Placid: Ni ¥ sicisccccasese sj Ja hica ieee ea iee nae veseeaaies + .014 
S7.. VOtSdaIii oN 6k o5.0 ne Roddie cde tations es cde ecie teva tesa wate — .007 
BR Wilstid, NOV occc es eet eda cae tastes sees answer 000 
SO. Al petia, MICH 6 sce veh eSicidnca tes ho ao beeen te canoe Rees een uae ues — .004 
90. Virginia Beach, V8............... cece ence en enccnees aiiegiactate hoes + .010 
0). -Doarham, No encanta ss wetness hee a wee awe ae ek teen eee + .009 
92. Fernandina, PIG 2 oa reetade id sed wee ee hex Dio atewads cae oa Caee + .007 
OS WLI OR CAIs 25 a5 seid cata a Gsateheer cud ania Dee SA Sle FS OE OO eS + .011 
4: A ViCOV ING, (A lBece oe cemceea dat acr2acces tunis an econeie owes encusen: + .006 
05. New Madrid, MO os coccec sos foc sccdes cee sere sewe we catebsesveseneded + .003 
06; Mera: At oie cise sone een saea nena y Shans Cab eeng ek een enieiesa + .011 
O72, (NACOZdOCHOS; "TCX 565 ccc cred Gabon tanGios debe esGaveoiesseaasieeeuwees + .007 
OS. AIDING, VOX. oies cece vec enVaeea ted cea cece eaceraurs ne waravn sees + .013 
99. Farwell, WOK cnn ucelnaeiss neg eel ce as eosh aed eo vas eee sere ce eet + .003 
100;-Guy mon, Okla 60 ssctcs iieseeieecehs bieesad tees eeese esate eaeeses - 
LOL... Helen wood) Tenn a0 ass sses wenden Goins oul eenae sede Vewne de . 005 
102. Cloudland; Penn die. c bacakceie one vecdas cyesemiheneees ene esees ef + .102 
103, Hughes, Tenn icc cc ce eae alse at daiwa nah dats wees Seeeaeret eens + .026 
104 Charleston Woe V @ ow sv escstindes oad os Wh0e swans ou ru ce ebedetesSaunsios — O11 
105: State Colle g6s Pas ccs cccciivs casings sdeweaaaavareeaseeese yesh eecewes + .002 
106.) Fort Kent: Me. cos <sccicc esi ig celeb caw bdesawnadinnees beee sheds ds . 000 
107. Prentice Wis sigs bclsy es $.bt.ala WN Deidre seelaiee Wold seiwneieie Naa ae Rea ee aMares + .003 
108. Fergus Falls, Minn ............:.ccccccccccccceccccccccccccecceeeees + .002 
109; Sheridan) W YO os cuiscyssccssa wees tcwetsdveset aed da sverae tastier cans — .085 
110, Boulder, Mont.........c.ccscscceccececscccccvccscrccccseucerccuces — 1022 
111: Skykomish, W asd ied cic cee en ccwaeeiraivevews ced aac vetoes eceaes — .063 
112. Olympia, Wash... ee ee ee ee ee ee ee ee ee ee = . 008 
113. Heppner, Oreg... ee emcee crew onenvevce Cr wee receraenrersererneseseeeaerer baa 005 
Lid: "Fruckee: Cal osc acodepeenauyvines ee uveeeanaee eeaeaewcwes cannes Ere + .014 
115. Winnemucca, Nev................. Sctiiea Baa Same Cee Neue caw enes es — .006 
PIG Ely, NOV ecssa tee uiw ace cen i Pee eee ve doviads cauabeceaue’s — .007 
PFs APUCrISOS 5 WV 90 vi cess oc si ose bl Gee was deen Meda dea cts Saweeevecaees — .015 
TiS; Plemeé, 8. Dak: o6 cscs lauwecnu ieuseds ee weveeekeueseraskeresewese — .009 
119. Fort Dodge, lowa.........c.cccscccccecccsccccccccccrecsveuscereces + .002 
120. Keithsburg, Il. COPS O HSE HOSSHEHOHR HO CHSC HHE EHO H HOOTERS ED EHEeD HO EHOOS = - 005 
121 Grand Raplds; Mich sc oc .iess ie scanes es tance sen seaecaw dleacucies + .001 
122: ANGONG ANG ose eses cedawnasn ws saa ested sa Medes edudaewhauwed see c bes . 008 
123: ALOR Na Yas varie acencien sls vcexse widen vane seme wasetewaeed — .010 
124, Port Jercls Na XY ocsesi cases lies Ohe00cesduins obi Sup as cae ewaewesanwus — .008 
125. Atlantic: City, Nid oss vce anescce<eenesuense0icecokussceaeiewsecues + .007 
126. Bridgehampton, N. Y..............ceccce Uitiewedetessuives iveneere + .008 
127. Chatham, Mass... 2... 2. cece cccccccccncceces eCreT ere ee ee ee + .010 
128. Rockland, Me.......-.....cccsccccceecccccccccceccccrccccceecee weee{ + 004 
129; Lancaster, N. Heecck ceevvedeewewek wbecaseaseces Sudvecn cts adcmers — .006 
180s WhItEDSIL IN 6 Ys ik steeds is endnd i cheawetoeweisendeaseedscs ceed — .017 
Lat: ‘Little Falls ONY svesivss caccevezeteedtoscsk sedi tecs wen ecoceeee| — O14 
132. Watertown, N. Y..cec. cc ceecccccccces Pestoricins Reipoaetdas aie's beweasten — .002 
133. Southport, N. Y......c ccc cceccccccccecccecccecccccccccece, escceeee| — 2007 
134, Worle W assiy.€ wi aeecanc wae sidtana uence Puede Oe cea etewwees i aletues ieoseses — .002 
135. ‘Parkersburg, Wo V Owiiscic6cdci5Scscwincees 60e64.0sh ceseceeaekss wean oe — .010 
136. Columbus, Ohio. ......... 0. cc. cece ec ccoeee baneawctenentenueases o-e-| — .002 
137. Indianapolis. LNG si:2 Wrtu EA ww6se Ueteweuniet Se ewe iowadenaekae seueane —- .001 
138. Springfield, lb... cece ccc cc ccc cc cc cee Siwewesaes WCbietiecia ame w ee es + .004 
1395 DADSNON M6 ois ct oc-se cater cows ses aba sieweaad wkinaas ae aaeteadaweteeus + .007 
140 Joplin, Mo..... ere eee eee eee eee ee ee ee ee ee ee ee -_ . 002 
141. Fort Smith, Ark. .ccccscsacccccnancccsuccccccccecs pisaGiee weenie ae — .006 
142: Texar hand AIK: circ eceraecscunui sues een nes ewes cca tatedinokadewes + .001 
143. Hot Springs, Ark... cccccsccccseves vaaek jakeeeewe Grease ebeaks oveet + .002 
144. Alexandria, L@......... ccc cece cece ence ccc c ccc cecccnccoccecceccess| f 2005 
145: Lauirel) Miss. a cs ieccwenwwiesues veebaasesacce Mhatrescauwiatawesews + .005 
146, RichMONG 0 V Oiscd oc cesceewekkdcbe cute sl Ciataneere eases eT rae .-| + .004 
107; Binporla: Vaveccnccscc did) cas uecneendssssGsae oie acecese saan + .007 
148 Greenville, N.C Seuhiaae cue veuseene beret ato datudepemen cts eswset ewes . 008 
149. Wilmington: No CG vss gota sia bees decaw ne -cnccy's-dsts'awaicgs Sualewwaloneee + .010 
150. Cheraw, 8.C............ Be eee hal ewes eRe nimeaee Goa + 
151. Charlotte, N.C....... Sokae (aaieb an Mone Waresesaes Misweeeuetaes rrr + .006 
LOZ NSNOVIUO IN EO ca2% da rae beuensaw permite ed ek k wtaaclebeuoee . 004 
153. Cleveland, Tenn... ......0..-.cecccens re eatUarees egies eosee| — 2006 
154 Winston-Salem, IN een ntin sd Meas watelri ccuaetidn stuws eas cauneeous + .003 
155. Knoxville, Tenn. ........ cece cece cece ccncecnccs baht ak ecowrctienesat — .007 
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Corrections for sopogragihy) and {sostatic compensation for given depths of compensation—Continued. 


eae Depth, | Depth, | Depth, | Depth, | Depth, | Depth, th, 

.-¢, °,  Natnber and name of station 42.6 kr. | 56.9 km. | 85.3 km. | 113.7 ktn.| 127.9 kra. (156.28 kan.| 194.6 kro. 
a eo ee ee ee 
WEB. UM ialOl. View Seeen ease bedolciecactashes sen oatceeenes ices desseewet —0.002 | +0.001 | +0.007} +0.012] +0.014| +0.019| +40.0%4 
327. Ho AW cbr teeta ee cue ter lies auctor rwe oe an + .013| + .016| + .024| + .020| + .032] + .037| + .042 
T58, Sebring. Plas case scccc cdcay sun se neeanastobeoceaonieaseraoucencess + .010| + .013| + .018| + .023| + .025| + .030| + .034 
150, Titusville IAs, .0scsc e254 Soc dcccwuaa sane accosseukouiweessrnee +. + .012| + .018| + .023| + .025| + .030| + .034 
160. Leesburg. Fle ccc osc k for seernc ote cose ea awerduatsseseu sisetecss + .000| + .012| + .016| + .031| + .023| + .027| + .031 
161. Cedar Keys, Fla.............cc.-cccccccccecccccccecccccecccececsces + .006| + .008| + .012| + .016| + .018| +.022| + .025 
162 n, Goo doh pvntae a oa AA on ena ac uie aaniw teenies + .001| + .002| +.004| + .007| +.008| + .010| + .o13 
168. AIDEN; GOs os occ ccdus cs cachaoues Klakus vedaneceseasusecs eu dueeses + .004| + .005| + .008| + .011| + .012! + .015| + .018 
164. Pensacola, Fla... ....0.cccecccceccncecccccecccccecessccceecccseees + .005| + .007| + .010/ +.014| + .015| + .018/ + .020 
165. Opelika: Alw csc oo asccstenc ison dies caredcetmniussanecupedeuse + .007| + .000| + .013/ +.017/ +.018| +.021| + .0% 
166. Huntsville, Alec oics soiide ck icsssidsic ceneueaweeee tees sis essen ss sees — .003; — .002; + .001]/ + .003| + .005] + .007 + .010 
167. Arkansas City, ATK.......0.020cccccccccescceeececceeeescecenceeenes + .003} + .003| + .004] + .005| +.005| + .006| + .007 
168. Memphis, Tenn... ....0.20..2cceccccecceeceec secs encenceacenaeeaes + .001} + .001} + .002] + .002| + .003] +.003| + .004 
169. Mammoth Spring, Ark. ...........ccccccccccccccccsecseccccseteues — .004| — .00¢| — .003| — .002] — .001 .000| + .001 
170. Hopkinsville, Ky... ...-----+-csccececceceececectnccetececteceececes + .003| + .003| + .005| + .006| +.007| +.008| + .010 
170 Danville Kye eee neuen cena dtounde das cates tints Geet + .004} + .005| +.008/ +.011| +.012| +.015| + .017 
172. Clifton Forge, V8.......0.c0ccccecccccecccesecceeccccceceecceucceee — .014| —.013| —.007| — .003 000] + .005| + .000 
17d. Greenville Algioc-cc oc tucceesevacGeie hecmeean saeco tes coueasaueest + .000| + .011] +.014] +.016| +.018| +.030| + .022 
174. Biemiingham, Ala. << j00c- ko oscs0sei cascotwessesisawroscusac ooesacos + .003| +.005| + .008| + .011| +.012| +.014| + .017 
17K, Lexington VAiscc cited sic cae einen sa eocauanbenearn heen aes — .004} —.003| + .001| +.005| + .007| +.012| + .016 
176; Prestonshtirg; Ky o22os4nceee ccs vest Sone sdewendehene iccwhed steeee — .010; — .0009; — .007] — .004; — .0083; —.O0l + .002 
177. ‘Traverse City, MICD ao i.c ss osc iss cen dine eae ede ssc eaweesgemessedesete + .001 | + .001 | + .001 | + .002/ + .00| + .08 + .004 
173, Seney, Mich ........2...2.cceeecec ener errs ese eeraneescseeesecserenes + .004]; + .004] + .006| + .007] + .007} + .008| + .010 
170. <Ocantat Wis ssid soto teed cl facdn a wnuee ive Saen ness .000} —.00l| —.001| —.001 | — .001 .000| + .001 
180. Grand Rapids, WIS... ........0..2ccccccccscecscevecccecscecesececee + .002| + .003| +.004] + .005| + .008} + .007| + .009 
181. Winona, Minn. Pe Pe eH eee Homme wero ree ene esate evreseseraereessasseesenene arid - 008 —_ . 008 — - 008 = - 006 — - 006 — - 005 = - 004 
182," Bald With, WAS) 2ocicsd to idecnsucaceesienesseeieces aesesiesevenesees « + .004| + .005] + .005| + .006/ + .006| + .008 + .009 
183,-Cumiberland, Ws «ccccc osc ssccic cseasecncneswn rd ecnbetetceticceues “+ .005; + .005| + .006/ + .008| + .008; + .009 + .O11 
184. Cambridge, Minn. ............-.c.sccccccccccccccseccscccccccsccece + .001] +.001] + .002] + .002| + .002| + .003| + .004 
185. Brainerd, Minn..........0.20cccceecceecceecceecececcccceueeeeeceers + .001] + .001} + .002] + .003| + .003/ +.004| + .005 
186. Aberdeen 8. Dak SRPMS e roe eee SHC SoH OHH SHAM CH HHS E HEROS OHDOT Cee OE ED = . 004 iad . 004 = .005 Saas - 005 bras - 006 = - 005 = - 005 
187 Faith: Dak cco ek Sues oc satan Wveenoa cn cemace isa: + .005| +.005} + .006/ + .006| + .006| + .007| + .008 
188. Marmarth, N. Dak........000..ccccccecacccccccccecccccccececenerse — .005| —.005| —.004| —.002| — .001 .000 | + ..003 
189. Towner, N. Dak.......-....0cccscccccccecccccccccecccesccesececeses — .003} —.004| —.004) —.004| —.005| —.004) — .003 
190, Crosby, N. Dak. .......0.ccccsccccccccccescceccecucencceueceuccsees + .001} + .001] + .001| +.001| + .001| + .001| + .002 
191. Crookston, MUD ooo oa ssn ee bk Se swit oes ctwweiw a et ieses les stes — .004/ — .005} — .006| — .006| — .007] — .006 — .006 
192 Li Mont Je POCO H Sea H Beret ree DneereEnesereseDnanereaHeDerrenDneeneces eet 006 boned . 007 — - 008 = - 009 -- . 009 — - 009 = - 009 
193, Miles City, Mont...........0s.sccccccecccccccccccscccscccrsccrccecs — .019| —.020} —.031|/ —.020| —.02%| —.020} — .018 
194. Huntley, Mont.............-. RRA eS RL ree RAE TPN: — .018| —.020| —.022| ~—.022| —.o22| —.022| — .02 
Qh Lander, WY0ss ice oe ces cae tends ata bs sae nsec aaconk — .037| — .036| — .033} ~— .028/ — .025| —.a90| — .013 
196. Faribault, Minn.........0...00.0ccccccececccencccccecnccceccsececes — .001| — .v0l . 0u0 .000| + .001| + .002] + .003 
197. St. James, Mineo... cccccciec tes ci enecsvocdadaenddscedveckebvecduees + .001; + .001} + .002] + .002/ + .002| + .00 + .004 
198. Edgemont, 8. Dak... 2.0... cccc cece ce cece eenccccecscecersccceeeres — .013| —.014] — .013| —.012} —.011] —.000| — .006 
199. Dawson MUO 0.650 ico hs crowcnans sew eveavecsestcedees ss avveces wa es — .0083; — .0033/} — .003/ — .003| — .008/| —.00 — .002 
200; Cokato, Minti. 320 /:annsc ction ct tong seced ete euetseaussaseunes + .002| + .002|] +:002| + .003| +.:003| + -003| + .004 
O01. Waste, 8. Dak... 2.0.22... cece ccc ccecceecccecccecncccecccecccecces — .0o10! —.o1| —.013| —.013| —.018] —.012| — .012 
202: Moorerolt, W YG scedss ee sc ded ors Seka ded saduaes canes eateceaieea Cee — .001 -000/ + .002] + .005| + .006| + .000 + .013 
oa Duluth Minn. sce cee so saceccea we eh lene pace — .oll| —.01l} —.om| —.010! —.010] —.000} — .008 
M04. Onape, 1OWN 52. ase eesc hoe carey) ioe se te tececce cenenss doteccseads + .004| + .004| + .006| + .007| 4.007] +.009| +4 .010 
205. Randolph, Nebr...........00...cccccsccccccccccecccececccenenecence + .005| + .005| + .005| + .005) + .006| + .006| + .007 
206. Valentine, Nebr..............-0cceccceceecccccsccececccceeccccceces ..000 000} + .002] + .004] + .005/ + .006| + .008 
207. Wheeling, W. Va........-...ccceccccccccsccecccecccesccccescccceres — .009| — .008| — .006| — .003| — .002 000} + .003 
208; LON; JOWB. ces scevets ooo e wereeiew de sewer tecScaus bodseede ewes + .005| + .005| + .006/ + .007| + .007! + .009 + .010 
200; Matirel: Md cccstch soc cduacccccad aedsces Metaseeuercne-cestaeveae + .001| + .002} + .0u8| + .007) + .009| +.011| + .014 
210. Harrisburg, Pa......-......c.sscscccccseccsecsccsccsccrsccrececccss — .004| — .008 000 | + .002| + .00¢| +.007| + .010 
211 Pittsburg, Pa esvenee ae ee ee ee ee ee ee ee a a 2 2 ~—e — 004 — 002 . 000 + . 002 + 004 + .007 
912. Rockville, Md......0...--cccccccceccccccccccecseccccseccceseucceses ; + .008] + .011] + .013| + .015| + .017} + .020 
213. Upper Marlboro, Md........-.0.--.cccceccceccccccesccccscccccsees + .001| + .002| + .004] + .007/ + .009] +.011] + .014 
Bid. Falriax Veeco se eee cs es + .007| +.009] + .011| + .012] + .015| + .018 
Pig. cCristield, Me sco... os yates sce scdecremee cecac oe onconeea ce + 008} +.010| +.014] +.019| + .022] +.025| + .029 
216. Fredericksburg, Va............00ccceccececcccccenccececccecscecsces — .001 000 | + .002| + .004| + .006| +.008| + .o11 
ONT. Dover. Deli os cece nas ena vs eho od oh arene eee eem! + 004) + .006} + .009] + .013| + .014] +.017| + .021 
218. North. Tamarnick, MICH o:.c6 cc cies 6 oc os6 osc as venek sausadenscevscce|siacagauce + .018 | + .019 | + .020 [..... 2... [ei keel eee ween 
919. Hagerstown, Md........ 0-0. cccc ecco c ec ccececcccsucsecceescccecucce — .002 .000| + .002] + .006| + .007] + .010| + .014 


The above table needs little comment. In general the effect of topography and compen- 
sation increases algebraically with an increase in depth. The largest change from depth of 42.6 
to 184.6 km. is 0.071 dyne at station 114 (Truckee, Cal.). The next greatest change is 0.064, 
at station 43 (Pikes Peak, Colo.). There are some other changes of as much as 0.030 dyne. 
There are a few exceptions to the general rule that the effect of topography and compensation 
increases algebraically with an increase of depth. At station 56 (Seattle, Wash.) the correction 
of — 0.009 dyne for depth 42.6 km. decreases algebraically to — 0.018 dyne for depth 184.6 km. 


There is no other similar change in the above table greater than 0.005 dyne, except for the 
other Seattle station, No, 53. 
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The greatest changes occur at stations near the coast, especially when the deep water is not 
far distant, and in mountainous regions. Where the topography is comparatively level for some 
distance around the station, the total range in the values for the various depths is small. At sta- 
tion 40 (Ellsworth, Kans.) it is only 0.001 dyne. At station 191 (Crookston, Minn.) the range is 
only 0.003 dyne. At station 144 (Alexandria, La.) the range is 0.008 dyne. The average 
amount of change in the effect of topography and isostatic compensation due to a change in 
depth from 42.6 km. to 184.6 km. is 0.014 dyne. 


GRAVITY ANOMALIES FOR VARIOUS DEPTHS OF COMPENSATION FOR STATIONS IN THE UNITED 
STATES. 


There is given below a table which contains the anomalies of gravity at the 219 stations in 
the United States for various depths. 


Anomalees for various depths of compensation. 


Depth, 42.6 Depth, 56.9 | Senin. Depth, 85.3 Depth, 113.7 Depth, 127.9 
km. km. km. km. km. 


Depth, 156.25 Depth, 184.6 
‘60.0 km. km. km. 


Number of station ae 
P90 | 10) 9 Neg a aryicg210)| IV | cg? 40) | 9—Fe | gore) | IV | 4: 1-9 

(got 12) (Go+11)'(9o+10) * | o+9) (go+6) (9o+ 5) * | (Ge—1) 
| Cerne rece +0. 031 {+0.019 |+0. 026 [+0.015 |+0.015 |+0.019 |+0.010 |+0. 013 |+0.007 |+0.010 |+0.005 : +0.001 | +0. 002 
) ee ae ee + .041 |+ .029 J+ .038 J+ 2.027 [4 .027 [+ .082 |+ 023 |4+ .026 [+ .020 {4+ .024 |+ .019 14 . + .014 | + .015 
Ce eer + .080 [4 .0I8 + .028 [+ .017 |+ .017 |+ .022 [+ .013 [+ .O1N [+ .012 [4+ .015 [4+ .010 [+ . + .007| 4. 
Dee eae eas + .017 [+ 2005 |+ 1015 [+ 2004 + .ons 1+ .0n [+ .o02 [+ .008 14 .002 J+ 2006 [4 L001 [+4 . 000 | + . 001 
Bagvinss2caiee seves + .003 |— .0U9 i: .001 |— .010 |— .010 [— .002 |— .Oll [— .005 |— .011 J— .007 |— .012 |—. ~ .012| — .oll 
Cis an tekeree esses + .027 1+ .015 ++ .027 1+ .016 |+ .017 |4+ .026 |+ .017 1+ .024 [4+ .018 |+ .924 1+ .019 14 .092 |+ . + .021 | + .022 
( OE ere ne + .003 |— 2009 '4+ £002 |— £009 |— .008 | =. 000 J— .009 |— .001 |— .007 |— .002 |— .007 |— .004 |— . — .005 | — .004 
Boe ereanion wean + .043 |+ .031 (+ .041 |+ .030 (+ £030 [+ .037 |+ .028 [+ .035 |+ .029 1+ .033 |+ .02S [+ .031 |+. + .020 | + .030 
Soy ieee: — £013 |= £025 \— .012 |— .025 j— .022 |— .012 |— .021 |— .012 |— .o18 |— .012 |— .017 [— .013 J—. — .015 | — .014 
Mc ocices nee: + .QU2 |— .010 |+ .002 |— .u09 |— .008 |+ .001 |— . 008 000 |— .006 }|— .0U01 |— .0u6 [4+ .001 |—. — .003 | — .002 
| Caen eer nese .000 |= .012 | .000 |= .O11 |— .010 |— .001 |— .010 |— .002 |— .00% |— .002 |— .007 |— .004 |— .006 |— .005 | — 004 
uae Careers — .018 |— £080 J— .018 |— 020 |— .028 |— .O18 |— .u27 |— .019 |— .025 |— .919 |— .024 |— .020 |— .022 |— .021 | — . 020 
1Sa3)c2 coecavased + .036 |+ .024 [+ .037 |+ .126 14 .027 {+ .033 [+ .029 |+ .038 [+ .032 1+ .048 |+ .033 [4+ .037 [4 .035 [+ .036 | + .037 
1 ee et ey erent: + .037 1+ .025 [+ .038 }+ .026 [4 .02% [+ .036 |+ .027 |-+ .034 |4+ .028 |+ .033 [+ .028 |+ .031 |4+ .029 ]+ .029 | + .030 
ae yer eter a — .QU9 |— .021 |— .010 |— .021 |— .021 |— .013 |— .022 |— .015 |— .021 |— .016 J— .021 |— .019 |— .021 |— .022 | — .o21 
16:65 cocaet cues + .027 |+ .015 i+ .027 |+ .016 |+ .017 |+ .026 [+ .017 |+ .023 |+ .017 }+ .021 [+ .016 |+ .019 |+ .017 1+ .016 | + .017 
(ee ne eee — .u03 |— .015 |— .005 |— .916 |— .o16 |— .009 |— .018 |— .013 J— .019 J— .015 |— .020 |— .o18 |— .020 |— .021 | — .020 
TR sotewielien veces + .008 [— .004 + .003 |— .0u8 |— .008 j— .005 |— .014 |— .013 |— .019 |— .017 |— .022 |— .023 |— .025 |— .028 | — .027 
10 oanu wee eeee ees — .001 |— .013 |— .001 |— .012 |— .01] |— .003 |— .012 |— .005 |— .c1l |— .007 |— .012 |— .010 |— .012 |— .013 | — .012 
| ete een elie cos + 035 |+ .026 + .033 1+ .022 |+ .022 (+ .024 |+ .015 ]+ -O1S [+ .012 ]+ .015 |+ .010 1+ .UlU |+ .UU8 |+ .005 | + .006 
QNiccerisiatwal seus + .049 |+ .037 |+ .048 1+ .037 [4 .038 !4+ .047 14+ .038 1+ .045 [+ .030 1+ .044 1+ .039 14+ .042 |4+ .040 14+ .030 | + . 040 
De i ee ros ta cat + .051 |+ .039 !+ .050 [+ .039 |+ .040 |+ .049 [4+ .040 [+ -047 |+ .041 [+ .045 14 .040 [4+ .043 |4 .041 14+ .040 | 4 . 041 
Di ielasasnbe uate + .002 |— .010 '+ .002 |— .009 |— .008 | .000 |— .009 |— .008 |— .009 |— .604 |— .009 |— .006 j— .008 |— .009 | — . 008 
Dots wc caren aescns + .036 |+ .024 |+ .035 |4+ .024 |4+ .025 |+ .033 |+ .024 [+ .030 [4 .024 [4 .028 [4+ .023 ]4+ .025 14 .023 |+ .0221 + .023 
D5 incaeouetas — .005 |— .017 |— .U06 |— .017 |— .016 |— .008 |— .017 |— .011 |— .017 j— .013 |— .018 |— .015 |— .017 |— .019 | — .018 
Wynn Sabi deacdedoe + .089 |+ .027 |4+ .038 |+ .027 |4 .027 |4+ .035 |+ .026 }+ .032 |4+ .026 [4+ .030 1+ .025 1+ .028 |+ .026 |+ .024] + .025 
D7 ent nie + .037 [+ .025 |+ .036 |4+ .025 |+ .025 |+ .034 [4 .025 1+ .030 4 .024 [4+ .020 |+ .024 |+ .026 |+ .024 [4+ .022 | + .023 
) a ae eee — .001 }— .013 |— .004 |— .015 |— .015 |— .007 |— .016 j— .012 |— .01s |— .014 |— .019 |— .018 |— .020 |— .022 | — .021 
OO Wel e eucuase os + .021 [+ .009 |+ .019 [+ .008 |+ .008 |+ .016 [+ .007 |+ .013 1+ .0U7 |+ .O1) [+ .006 |4 .008 1+ .006 /+ .004 | + .0U5 
BOs Seo dectusenurcd + .021 |+ .009 [+ .020 [+ .009 |+ .009 |+ .016 [+ .007 |+ .O13 |+ .007 [+ .O11 |-+ .006 |+ .00S {+ .006 }+ .004 | + .005 
fee rere + .005 |— .007 |+ .004 |— .007 |— .007 |+ .002 |— .007 | .000 |— .006 |— .002 |— .007 |— .003 |— .005 |— .006 | — .005 
Kean eee cree noe — .009 |— .021 |— .010 |— .021 |— .020 |— .012 J— .021 |— .015 |— . 021 |— .016 |— .021 |— .019 |— .021 |— .022 | — .021 
Bocscetas casio ir cds + .007 |— .005 |+ .007 |— .004 |— .003 }+ .007 |— .002 |+ .005 |— .001 |+ .004 |— .001 1+ .003 |+ .001 |+ .0U2 | + .003 
BO cat gant — .010 |~ .022 |— .009 |— .020 |— .019 |— .010 J— .019 |— .01) J— .017 |— .012 |— .017 J— .014 |— .016 |— .016 | — .015 
Bk Seco culetainecs -000 |— .012 ; .000 |— .O11 [— .010} .000 |— .009 |— .001 |— .007 |— .001 |— .006 |— .002 |— .004 |— .003 | — .002 
SO Seiecten Siew + .001 J— .011 |+ .001 |— .010 |— .009 |+ .002 |— .007 |+ .001 |— .005} 000 |— .005 |— .001 |— .003 |— .003 | — . 002 
Pecks iyucupecnenes + .005 |— .007 1+ .005 |— .006 |— .005 |+ .004 |— .005 [+ .003 [— .003 }+ .002 ,— .003 [4+ .001 |— .Oul |— .001 000 
a + .002 |— 010 |+ .003 |— Jous |— 5007 [+ -003 |— .006 |+ .003 |— ‘003 [+ .003 |— 5002 |+ 2002] <000 [4+ ‘002 | + [003 
80 ci clcaes ace ia — .009 |— .021 j— .008 |— .019 |— .018 ;— .007 |— .016 j— .008 |— .014 |— .008 ;— .013 ;— .008 |— .010 |— .009 | — .008 
MO ocowes Katee eee: + .021 [+ .009 |+ .022 |+ .OLL J+ .012 {+ .022 |+ .013 [+ .022 |+ .016 |+ .022 |+ .017 1+ .022 |+ .020 [+ .021 | + .u22 
Misti ticon uence) + .003 |~— .009 |+ .002 |— .000 |— .0n0 |— .on1 |— .010 |— .004 |— .010 J— .005 |— .010 ;— .007 |— .009 |~ .010 | — .0n9 
) Srnec cnnene + .018 }+ .006 |+ .014 [+ .003 1+ .003 1+ .008 |— .001 |+ .001 |— .005 |— .002 j— .007 |— .008 |— .010 J— .016 | — 015 
WB ical gieasieiteionivins + .069 [4+ .057 |+ .057 |+ .046 [+ .045 [4+ .041 [+ .032 |+ .029 [+ .023 |+ .024 J+ .019 [+ .015 | + .013 |4+ .005 | + .006 
BA ed ic ane oot — .008 |— .020 |— .006 |— .017 |— .016 |— .005 |— .014 |— .008 |— .014 |— .010 |— .015 |— .014 |— .016 [— .019 | — .018 
7 | eee rears + .051 [+ .039 |+ .048 |+ .037 1+ 2037 [+ .039 [+ .030 ]4+ .028 [4+ .022 [+ .023 1+ .018 |+ .014 |+ .012 [+ .003 | + .004 
WG felt iiaes os als + .031 1+ .019 |+ .034 |+ .023 |+ .024 I+ .035 |+ .026 |+ .032 |+ .026 [+ .030 [+ .025 |+ .027 |+ .025 |+ .u21 | + .022 
Ree ena — .020 J— .082 |— .016 |— .027 |— .026 |— .013 |— .022 J— .013 J— .u19 |— .013 j|— 018 J— .015 |— .017 |— .018 | — .017 
AS ce eeeuataaes + .038 |+ .026 !4 .032 |+ .021 |+ .021 [+ .022 [+ .013 J+ .012 [+ .006 [+ .008 [4+ .003 4+ .001 |— .001 |— .006 | — .005 
WD vicos Veiwu cas ches + 021 j+ .018 '+ .02] [4 .010 J+ .O12 [4 .021 [+ .Ul2 [+ .018 |]4+ .012 [+ .017 [+ .012 [+ 2014 + £012 [4+ .009 | + .010 
| eee ret ee + .035 |+ .023 + .U29 [+ .018 |+ .017 |+ .017 [+ .008 |+ .0U6] .000 |+ .001 |— .004 |— .007 |— .008 |— .016 | — .015 
Ble tetelahtie oes. + .055 See one + .038 14 .038 |4+ .039 [4 .030 |+ .029 [+ .023 [+ .024 [+ .019 |+ .016 [+ .014 [4+ .008 | + .009 
DD ie S cele aes + .031 J+ .019 (4+ .026 |4 .015 [+ .015 |+ .O17 [+ .008 |+ .007 J+ .001 [+ .002 |— .003 |— .005 |— .007 |— .014 | — .013 
BN aud — .093 J— .105 ,— .090 |— .101 |— .100 |— .086 |— .095 |— .0%5 |— .091 |— .084 |— .089 |— .084 ;— .086 |— .085 | — . 084 
Bh cos clccisld a vae’ + 1006 |— 2006 !+ Loo1 |— Loto |— loro |— Loos |— 1017 |— 01s |— 2021 |— Lois |— 1023 |— 023 |— L025 |— loan | — 2027 
a ere ne + .083 [+ .021 i+ .025 [+ .014 J+ .013 |+ .013 |+ .004 + alo — .001 |+ .001 |— .004 |— .005 |— .007 |— .010 | — ..009 
86 ase wedi aies — £004 |— £106 |— .090 |— 2101 |— .100 |— .086 |— .095 & ins —".081 |— .085 J— ..090 _ .085 |— .087 |— .0R5 | — .084 
ee rae + O54 [+ £042 | £052 [+ .O81 [+ 2041 [+ 2049 [+ .040 f+ 2046 [47.040 [47.044 [+ 2039 )+8.042 1+ 1040 [+ .040 | + .041 
Dds bese teweue ees + .085 [+ .023 1+ .034 [+ .023 [+ .023 [4+ .082 [4+ .023 + 031 [+,.025 }4 .030 (4+ .025 +?.029 + .027 |+ .027 | + .028 
BO can Lov ote ne hues + .024 [+ 012 |+ .025 |+ .014 [+ .015 [+.026 |+ .017 [+ .027 [4+ .021 [+ .027 [+ .022 (47.027 |+ .025 |+ .027 | + .028 
60 ee ee a ee ee + 007 se -005 J+ 007 —. 004 ira . 003 + . 008 bees 001 \+ . 009 + Oud + . 009 + . 004 I+ , 009 + . 007 + . 009 + O10 
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Anomalies for various depths of compensation—Continued. 


Depth, 42.6 Depth, 56.9 |Depth,| Depth, 85.3 Depth, 113.7 Depth, 127.9 | Depth, 156.25 | Depth, 184.6 
km. km. 60.0 km. km. km. km. km. km, 


Number of station 


I 


— as g— I— 

OF ‘(go+12)| 99 |(g.+11)|(ge+10)| 9% | (ge4+9) | 9% | (9.46) | FV | (9.45) 9—Vo | (g,—1) 
Ol icsedoa urine —0.015 |—0.027 |—0.017 |—0.028 |—0.028 |—0.019 |—0. 028 |—0.021 |—0. 027 |-—-0.022 |—0. 027 . ~—0.027 | —0. 026 
G2 hc ootee hoes + .049 i+ .037 [+ .046 |+ .035 [4+ .035 [4+ .042 |+ .033 14+ .039 14+ .033 14+ .037 |+ .032 ‘ ; + .031 | + .032 
OS tone cmsad ekache + .021 |+ .009 |+ .020 |+ .009 [+ .010 [+ .018 [+ .009 j+ .015 |+ .009 1+ .014 [+ .009 + .O11 |4+ .009 '+ .007 ] + .008 
4 is eee — .024 '— .036 |— .029 |— .040 |[— .040 |— .086 |— .045 |— .042 |—-. — .044 |— .049 |— .048 |— .050 {— .053 | — .052 
GOs. ck ouene aes + .O015 * 003 {+ .016 |+ .005 [+ .006 + .017 |+ .008 {+ .017 [+ O11] [4+ .017 |+ .012 |+ .016 |+ .014 1+ .015 | + .016 
ae ne ae — .037 '— .049 |— .038 |— .049 |— .049 |— .040 |— .049 |— .042 |— .048 |— .044 |— .049 |— .047 |— .049 |— .051 | — .050 
Gl ccr user ade: + .016 |+ .004 |+ .010 |— .001 J— .001 1+ .0083 |— .L06 |— .005 |— .011 |— .009 |— .014 |— .016 |— .018 |— .024 | — .023 
69: nechceealeeeuus + .027 [+ .015 [+ .023 |+ .O12 [+ .012 |+ .016 |+ .007 [+ .009 |+ .003 |+ .006 |+ .001 |+ .001 |— .001 |— .007 | — .006 
G0 ieee St re Sa + .012 000 [+ .010 |— .001 [— .001 |+ .004 j— .005 |— .002 |— .008 |— .005 |— .010 |— .010 j— .012 |— .018 | — .017 
10: sesh ek eet + .015 + .003 |4+ .010 |— .001 |— .001 |+ .003 |— .006 |— .005 |— .011 |— .009 |— .014 |— .015 |— .017 |— .023 | — .022 
cis (eae ee er eee + .082 '+ .020 |+ .027 |+ .016 {+ .016 |+ .19 {+ .010 {+ .O11 [+ .005 [+ .007 |+ .002 |+ .001 |— .001 |— .007 | — .006 
Veined tas Sond ees + .044 (+ .082 |+ .044 [4+ .033 [4+ .034 [+ .042 [+ .033 [+ .040 [+ .034 14+ .039 [+ .034 [+ .087 J+ .035 J+ .035 | + .036 
7, Re ee ene aaa + .014 l+ L002 + .014 [+ .003 [+ .004 |4+ .013 [+ .004 [4 .U13 [4 .007 [+ .012 [4+ .007 [+ .011 |+ .009 |+ .010 |] + .ol1 
i, RE Rene nee + .066 [+ .054 |+ .067 [+ .056 |+ .057 »+ .067 [+ .058 [4+ .067 |4 .G6l (+ .067 |+ .062 [4+ .067 |4 .065 j+ .066 | + .067 
[Ls eae a Oe me Pe + .079 [+ .067 [+ .073 [+ .062 [+ .062 |+ .066 |4+ .057 [+ .06U [4 .054 |4 .057 [4+ .052 |+ .053 [+ .051 |+ .049 | + .050 
Y (see ee eee + .010 {j— .002 |+ .010 |— .001 .000 |+ .O11 [+ .002 |+ .010 |+ .004 |+ .010 |+ .005 {+ .010 '+ .008 |+ .009 | + .010 
Ti bien Gut ote te Satan + .032 |+ .020 |+ .034 |+ .023 |+ .024 |+ .035 |+ .026 14 .037 |+ .031 |+ .037 |+ .032 /+ .038 '+ .036 |+ .037 | + .038 
(Osco ede ene eek + .008 |— .00H4 |+ .010 |— .001 000 |-+ .OLL i+ .002 |+ .010 |+ .004 + .010 |+ .005 [+ .008 |+ .006 |+ .006 | + .007 
TO dissed Sos + .009 j— .003 |+ .012 |+ .OO1 [+ .002 J+ .015 [+ .006 1+ .016 '+ .010 |+ .016 [4+ .011 14+ .O16 14+ .014 14 .014 | + .015 
BO inte neces + .002 |— .010 j+ .O01 |— .010 |— .010 |— .002 |— .O11 |— .005 |— .O11 |— .005 |— .010 |— .008 |— .010 |— .010 | — .000 
Bedi e ee wes + .028 [+ .016 |+ .021 |+ .010 |+ .009 |+ .009. .000 |— .002 |— .008 |— .007 |— .012 |— .016 |— .018 |— .025 | — .024 
BAe oon deeicnedtee + .034 |+ .022 14+ .031 14+ .020 i+ .020 .027 14+ .O18 |+ .021 J+ .015 |+ .019 14+ .014 [+ .014 |4+ .012 |+ .007 | + .008 
OS oti oer e cad + .004 [— .005 |+ .005 j— .006 ;— .005 |+ .004 |— .005 |+ .002 |— .004 [+ .002 |— .003 .000 |— .002 |— .002 | — .001 
RAL nes Baa she bers + .049 |+ .037 |}+ .049 14+ .088 |+ .039 [+ .047 [4+ .038 1+ .045 [+ .039 [+ .044 /+ .039 [+ .042 [4+ .040 |+ .039 | + .40 
BD hess ehaedas + .007 |— .005 [+ .008 |— .0083 |— .002 |+ .009 .000 1+ .009 |+ .003 {+ .008 (+ .003 |+ .007 |+ .005 i+ .005 | + .006 
BG ee a awt ens + .082 |+ .020 [+ .027 |4 .016 |+ .016 |+ .020 [/+ .011 |4+ .014 |+ .008 |+ .012 |+ .007 [+ .007 |+ .005 |+ .003 | + .004 
BT eee We ite nomete cise + .032 |+ .020 |+ .631 [+ .020 |+ .021 [+ .080 |+ .021 {+ .029 [+ .023 |+ .025 |+ .023 J+ .026 |+ .024 |+ .024 | + .025 
SB oc etx dikewaceses — .004 |— .016 |— .003 j— .014 {— .013 |— .002 |— .O11 |— .002 |— .008 |— .003 |— .008 |— .003 |— .005 |— .004 | — .0083 
ROS esc hetaicie cts — .008 |— .020 |— .009 |— .020 |— .019 j— .010 j— .019 J— .012 |— .018 |— .012 |I— .017 |— .014 |— .016 |— .015 | — .014 
| Re eens a maT — .025 |— .037 |— .028 |— .089 j— .039 |— .034 |— .043 |— .040 |— .046 |— .043 |— .048 |— .017 |— .049 |— .052 | — .051 
 ) ee eee + .049 [+ .037 |+ .049 |-+ .038 |+ .088 |+ .047 |+ .088 [+ .044 I+ .038 '+ .042 [+ .087 J+ .039 '+ .037 |+ .036 | + .087 
D2 te ees weed + .028 |+ .016 {+ .026 [+ .O15 |+ .015 |+ .022 |+ .013 [+ .O18 14+ .O12 '+ .016 |+ .O11 [+ .012 + .010 |+ .009/ + .010 
OF is tele cuied — .029 |— .041 |— .031 |— .042 |— .042 |— .034 |— .043 |— .036 |— .042 |\— .037 |— .042 |— .040 |— .042 |— .043 | — . 042 
Os oe lee ie — .007 |— .019 |— .007 |— .018 |— .017 |— .008 |J— .017 |— .009 j— .015 j— .010 |— .015 |— .O11 |— .013 |— .013 | — .012 
OB noe ciosessedcsd + .007 j— .005 [+ .008 j~ .003 |— .002 |+ .009 -000 i+ .009 j+ .003 '+ .009 {+ .004 [+ .009 |+ .007 |+ .008 | + .000 
OG ice tee etch. — .040 [— .052 |~ .041 |[— .052 |/— .051 |— .042 |— .051 |— .044 [~ .050 |— .044 |— .049 |— .046 |— .048 |— .047 |] — .046 
UY Re eee ean — .003 J— .015 j— .003 |— .014 [— .013 |— .003 |— .012 |— .004 |— .010 |— .004 |— .009 |— .005 |— .007 |— .006 | — .005 
OB oa kates vnwcu des + .049 [4+ .037 1+ .045 [+ .084 [+ .034 [+ .037 |+ .028 |+ .029 [+ .023 i+ .026 |+ .021 |+ .020 |+ .O18 |+ .014 | + .015 
OO oor cess .000 |— .012 J— .002 |— .013 j— .013 |— .005 |— .014 |— .O08 |— .014 ;— .010 J— .015 J— .013 |\— .015 |J~ .018 | — .017 
LOD poecinicciesecdee — .007 j— .019 |— .006 |— .017 j— .016 |— .007 {— .016 |— .009 j— .015 |— .010 |— .015 |— .012 |— .014 j— .015 | — .014 
y |; Dae ee + .058 [+ .046 1+ .056 1+ .045 [+ .045 [+ .052 |+ .043 1+ .048 [+ .042 '+ .046 |+ .041 |+ .043 [+ .041 [+ .039 | + .040 
NOD iene cateite bas + .040 /4+ .028 J+ .033 {+ .022 |+ .021 {+ .021 |+ .012 |+ .012 |+ .006 ‘+ .008 |+ .003 |+ .001 |— .001 |— .005 | — .004 
106 sod ccs cas + .006 |— .006 |— .001 |[— .012 |— .012 |— .012 |— .021 |— .021 ;— .027 |— .024 |— .029 |— .031 |— .033 |— .037 | — .036 
VO oi ded Seis ob ds wale — .0O15 {— .027 |}— .014 |— .025 |— .024 |— .015 |— .02%4 |— .016 |— .022 j— .017 |— .022 |— .019 |'— .021 j— .022 | — .021 
16 oo. ace — .005 |— .017 j— .006 |— .O17 |— .017 |— .009 |— .018 {— .013 |— .019 |— .015 |— .020 |— .018 j— .020 i— .022 | — .O21 
1B os i o6shs Ses: — .004 j— .016 |— .004 |— .015 |— .014 j— .004 |— .013 |— .005 |— .011 |— .006 |— .O11 |— .007 |— .009 j— .009 | — .008 
MO oh i ew bh + .039 {+ .027 1+ .037 {+ .026 i+ .026 {+ .034 }+ .025 i+ .032 |+ .026 |+ .031 [+ .026 |+ .029 |+ .027 |+ .027 | + .028 
108. ............... + .OO1 |— .O11 {+ .002 |— .009 |— .008 [+ .002 |— .007 |+ .002 |— .0% |4+ .002 |— .003 |+ .002 .000 j+ .001 | + .002 
LOD ideas ocetecas + .044 [+ .032 [+ .045 /+ .034 [+ .035 |+ .043 [4+ .034 [+ .040 |+ .034 [+ .038 |+ .033 |+ .034 1+ .032 (+ .080 | + .@31 
WO esc ceaiatedac + .008 |— .004 [+ .005 |— .006 |— .006 |— .001 |— .010 |~ .007 |~ .013 |— .009 j— .014 |— .014 |— .016 |— .020 | — .019 
MA iis oo iea eco e: — .004 [— .016 |— .008 |— .019 |— .019 |— .014 |— .023 |— .020 |— .026 i— .022 |— .027 |— .026 |'— .028 j— .080 | — .020 
DBs icatas ede as + .037 |}+ .025 [+ .039 |+ .028 [+ .029 |+ .041 [+ .032 [+ .041 |+ .035 '+ .040 I+ .035 [+ .040 [+ .088 (+ .088 | + .089 
116 ses i — .021 |— .033 |J— .020 |— .O1 -030 ;— .019 |— .028 |[— .019 |— .025 |— .020 |— .025 |— .021 |— .023 |— .022 | — .O21 
WG oes oa wate + .023 i+ .O11 |+ .012 |+ .O001 -000 |— .006 |— .015 |— .020 |— .026 |— .027 |— .0382 |[— .087 j|— .039 |— .048 | — .047 
ING des eectetess' + .003 |— .009 [4+ .004 |— .007 .006 |+ .002 |~ .007 j— .001 |— .007 J— .003 |— .008 |— .007 |— .008 j— .013 | — .013 
V1G it tee + .014 /+ .002 [+ .008 [— .003 [— .003 |— .003 /— .012 [~ .013 |— .019 |'— .018 |— .023 |— .026 |— .028 |— .03%4 |] — .%3 
DW ilesdacttincuustetets + .043 /4+ .031 [+ .045 [4 .034 [+ .035 [+ .046 |+ .037 J+ .044 [4+ .0383 [+ .043 /4+ .038 /4+ .041 |+ .039 |+ .088 | + .039 
| |. Seen ears SRE ee + .018 /+ .006 [+ .019 |+ .008 [+ .009 (+ .021 |/+ .012 [+ .022 /+ .016 |4+ .022 j+ .O17 |+ .023 '+ .021 |+ .023 | + .024 
W193) Peta Se + .023 J+ .O11 [+ .023 [4+ .012 J+ .013 [+ .024 [+ .O15 [+ .023 j4+ .017 [+ .023 [+ .O18 [4 .023 '+ .021 |4+ .021 | + .022 
120s tens + .002 |— .010 + .002 |— .009 |— .008 .000 |~ .009 -000 j— .006 |— .001 |~ .006 |— .001 j— .0083 |— .002 | — .OOl1 
Wh oie ees iees + .012 .000 ly O12 [+ .001 [+ .002 [+ .O11 '4+ .002 [+ .010 {+ .004 [+ .009 |+ .004 |+ .008 1+ .006 j+ .007 | + .O0R 
V22 ei Mice iba + .022 |+ .010 + .022 14+ .O11 |+ .O12 [4+ .020 [+ .O11 /4+ .019 {4+ .013 [+ .O18 |+ .013 [+ .016 |+ .014 [+ .015 | + .016 
1282 betes — .031 |— .043 [— .0381 |— .042 |— .041 [— .032 '— .041 |— .035 |— .O41 J— .087 j|— .042 |— .040 I .042 |— .043 | — .042 
WA acto tees — .014 |— .026 |— .016 |— .027 |— .027 |— .020 |— .029 |— .025 |— .031 |— .027 |— .032 |— .031 '— .033 |— .035 | — .034 
B25 3 iol heealeet — .004 |— .016 |— .007 |— .018 {— .018 |— .O11 |— .020 |— .015 |— .021 [— .018 |— .023 j— .021 |— .023 |— .025 | — .024 
WG ase eee eee — .002 |— .014 |— .005 |— .016 |— .016 |— .010 j— .019 J— .014 |\— .020 {— .016 |— .021 |— .020 |— .022 |— .0%4 | — .02B 
| ee + .008 |— .004 |+ .004 |— .007 |— .007 |— .001 J~— .010 |— .006 {‘— .012 |— .009 |— .014 |— .013 '— .015 j— .018 | — .017 
| 2, a .000 |— .012 |— .002 |— .013 |— .013 |— .004 |— .013 |— .007 |— .013 |— .008 |— .013 |— .010 '— .012 |— .013 | — .012 
196) rica aioe + .003 |— .009 .000 |— .O11 |— .O11 |— .005 |— .014 |— .010 ,— .016 |— .012 |— .017 |— .016 |— .018 |— .020 | — .019 
10e ee eek — .026 |[— .088 |— .027 |— .038 |— .0387 |— .028 |— .087 j— .031 |— .037 |— .032 |— .037 |— .035 '— .037 |— .089 | — .088 
Eco uveotuagsus — .009 |— .021 |— .010 }— .021 |— .021 |— .013 J— .022 |— .016 |— .022 |— .018 |— .023 |— .022 l_ .024 |— .026 | — .025 
102: cp cenaeds bees — .014 |— .026 |— .014 |— .025 |— .024 |— .015 |— .024 J— .017 |— .023 |— .018 |— .023 |— .020 |— .022 |— .021 | — .020 
Gas Stare was aie os — .O11 |— .023 |— .013 |\— .024 |— .024 |— .018 |— .027 |— .022 |— .028 |— .024 = ‘029 |= ‘02s = .6380 |I— .082 | — .B1 
TUE 2 oo sscnawane See — .016 |— .028 |— .017 '— .028 |— .027 |— .018 |— .027 |— .019 |— .025 |— .020 |— .025 |— .021 — .02%3 |— .023 | — .022 
1D oie Secs — .012 |— .0% '— .013 | .024 |— .023 |— .014 J— .023 (— .016 |— .022 |\— .017 |— .022 |— .019 a .021 |— .022 | — .02) 
BOO se ee ht — .001 ]— .013 |— .001 |— .012 |— .O11 |— .002 |— .011 |— .0M |— .010 |— .005 |— .010 |— .007 _— .009 |— .009 | — .008 
1S Coatteti cae yt + .013 |+ .O01 |+ .O12 [+ .001 |4+ .002 '+ .010 {+ .001 /+ .009 {+ .003 |+ .008 |-+ .003 |+ .006 '+ .004 1+ .005/ + .106 
1 1 Caan ne EEN — .007 |— .019 |— .007 |— .018 |— .017 |— .007 |— .016 |— .008 |— .ot4 |— .008 |— .013 |— .009 |— .011 |— .009 | — .008 
VAG oe Aircrew ent + .024 |+ .012 (+ .023 [+ .O12 [+ .012 |+ .021 j4+ .012 1+ .019 (+ .013 [+ .019 [+ .014 [+ .017 |+ .015 |+ .015 | + .016 
140s ioe os oie tk + .027 '+ .015 [+ .026 '+ O15 J+ .016 J+ .025 i+ .016 |+ .024 1+ .018 [+ .024 '+ .019 !-+ .022 [+ .020 + .021 ' + .022 


Number of station 


LE eee eee —0.009 |—0.021 
140 monde cesegaed -019 |+ .007 
LS renee .028 |+ .016 
144 ee ee ee ee . 006 hoa . 006 
Ut hee ere -028 |+ .016 
VAG Se sae we veewees -O17 |+ .005 
SV ees eae 029 |+ .017 
VAS os ccadennaenes .001 |— .O11 
| eee .010 |— .022 
DIO ak sein Sa ee eG -017 |+ .005 
Wl scot ncaaees .042 |+ .030 
Us) Seer eer ra 025 |+ .013 
153 eee reece reese bee 007 oa 019 
LOA eaats wees ces .021 ;— .033 
11, eee -007 |— .019 
1 ee eee .007 j— .005 
167 ee ee oe woone .012 rose .024 
S82 deere euecuanes .004 |— .008 
150, cee w ccs ‘eeeeee .021 |+ .009 
ROD one a caconee tet -006 |— .006 
1Glcinanatnaaeee i .003 j— .015 
iL) Serer -033 |+ .021 
TOS 3 ns hi aeoeetie edie £017 |+ .005 
OG oo. os wean byes .003 |— .000 
NGS isc cacaisithave ley -007 |— .019 
166 pein dete aves .009 '— .021 
WT eencaciea needs .002 — .014 
NOS ot os ec oitad 2 -022 + -.010 
100 i bee cdekeossxes .023 |+ .O11 
|| ea err ee -017 '+ .005 
(Cs ee ee rere -014 |— .026 
|e Ee eee ie 015 |~ .027 
| eer -004 |— .008 
1 err nen -017 |— .020 
WB etengtiuinsgeuess -007 |— .019 
WG Ssitpetat exces -010 |— .022 
Ug ene eee re -O10 |— .002 
| ¢: Bearer eran green -012 - 000 
179 eateevrecesrevnces 018 = -030 
LO cnccsakas oo enn .031 |— .043 
tL) eee ye ree -025 |+ .013 
DBD odie cals wanes wats -040 |— .052 
Se ee re -0388 |— .050 
184... eae ° . -018 aes - 030 
18S; acs secnisees mcs .022 i+ .010 
TRG ccatieo bas oa bee -019 [+ .007 
by Renee eerrey errs -024 |-+ .012 
DORs siaee se talneetee -046 |+ .034 
189..... ivag teueess -089 |+ .027 
WO ics ceiaeeecets - 025 |+ .013 
TOL enecetyus eerie -017 |+ .005 
| eer Pane -024 |+ .012 
103 .ckietutesscdees -037 ‘+ .025 
106 oo octasenonise. -015 |+ .003 
L9G cscs deus eoseeee - 036 * . 024 
DG cic see oe wees -045 '+ .033 
NL Ce eer ee -O15 ;+ .008 
196 os cise ses ee -063 |+ .051 
1 eerie paren 025 I+ .013 
BOO ace siete oes aan -015 |+ .003 
Yh) Censor + .035 + .023 
Ly eer rere + .035 '+ .023 
BUS ie cent ® aad »-'+ .059 i+ .047 
204. ...... piecn as — .015 |— .027 
DOs hes dette amns i + .010 |— .002 
BOD aia eine eeadads + .030 |+ .018 
DOM ccs oe het ae \— 016 |— .027 
| eee i+ .002 |— .010 
pL eis eens + .048 |+ .036 
S10 eae — .015 |— .027 
QU eatioviciweees '— .010 |— .022 
YY errr ee + .060 |+ .048 
?) Ss Derr are ee + .027 '+ .015 
YC eee reece + -049 |+ .037 
BO a eeeeeeeeas — .010 |\— .022 
BG is ss eile ad eaters + .018 '+ .006 
>) eer rere + .007 |— .005 
BS oc anlauvonaeeemen ee teeeseles ere 
WG oc Seariwenes — .683 |— .045 


Depth, 42.6 
km. 


INVESTIGATIONS OF GRAVITY AND ISOSTASY. 


Anomalies for various depths of compensation—Continued. 


Depth, 56.9 
km. 


—0.008 {|—0. 019 
+ .019 {+ .008 
+ .028 '+ .017 
+ .005 |— .006 
+ .027 + .016 
+ .016 |+ .005 
+ .027 |+ .016 
— .001 |— .012 
— .013 |— .024 
+ .016 |+ .005 
+ .040 + .029 
+ .020 '+ .009 
— .009 |— .020 
— .023 ;— .034 
— .008 j— .019 
+ .004 |— .007 
— .015 |— .026 
+ .001 |— .010 
+ .018 |+ .007 
+ .003 |— .008 
— .005 |— .016 
+ .032 |+ .021 
+ .016 |+ .005 
+ .001 |— .010 
— .009 |— .020 
— .010 |— .021 
— .002 |— .013 
+ .022 |+ .O11 
+ .023 |+ .012 
+ .017 |+ .006 
— .O15 |— .026 
— .016 |— .027 
+ .002 |— .009 
~ .019 |— .030 
— . 008 aed .019 
— .O11 |— .022 
+ .010 — . 001 
+ .012 |+ .001 
~— .017 |— .028 
— .082 |— .043 
+ .025 |+ .014 
— .041 |— .052 
— .088 |— .049 
— .018 |— .029 
+ .022 |+ .011 
+ .019 |-+ .008 
+ .024 }+ .013 
+ .046 |+ .085 
+ .040 |+ .029 
+ .025 |+ .014 
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SUMMARY OF MEAN ANOMALIES FOR VARIOUS DEPTHS OF COMPENSATION AND THE VARIOUS VALUES OF 
EQUATORIAL GRAVITY. 


Depths of compensation. ...........0.-.- eee e cece ee eee 42.6 km. 56.9 km. 60.0 km. 85.3 km. 
Equatorial value of gravity.........-.---.-. cece ee eens 978. 030 | 978.042 | 978.030 | 978.041 | 978.030 | 978.040 | 978.030 978. 039 
Mean anomalies with regard to sign, using groups..........--. +0. 012 0.000 ; +0.011 0.000 | +0.010 0. 000 +0. 009 0. 000 
Mean anomalies without regard to sign, using groups......... 019 . 016 -018 OIG | aceakteves ewntoweees 018 017 
Mean anomalies with regard to sign, all stations.............. + .012 -000 | + .011 000 |.......... .000 | + .008 — .00l 
Mean anomalies without regard to sign, all stations. .......... . 022 . 020 . 021 ODO eckc deaecus 020 . 020 - 020 
Mean anomalies withregard to sign, all stations (Seattle sta- 
LIGNS GONE) pos och eon anaes touiy es vee tceauvaes + .013' + .001 | + .012] + .001 |.......... + .001]} + .009 . 000 
Mean anomilies without regard to sign, all stations (Seattle sta- 

HOGS GULitled ).s.c6us eee cesc teckewewiewewewerenneiwes.Veuees - 021 .019 . 020 S019 Nueces O19 - 020 . 019 
Depths of compensation ................ 0. cece cece eee 113.7 km. 127.9 km. 156.25 km. 184.6 km. 
Equatorial value of gravity............ 0. cc ccc cece eee 978.030 | 978.036 | 978.030 | 978.035 | 978.030 | 978.032 | 978.030 978. 029 

Mean anomalies with regard to sign, using groups............. +0. 006 0.000 | +0.005 0.000 | +0.002 0.000 | —0.001 0. 000 
Mean anomalies without coe to Sign, using groups......... . 018 017 -018 .017 .O18 . 018 019 .019 
Mean anomalies with regard to sign, all stations.............. + .005| — .001 | + .004/ — .O0l + .00l | — .0Ol | — .2 ~ .001 
Mean anomalies without regard to sign, all stations........... - 020 . 020 - 020 - 020 - 020 -021 . 021 .021 
Mean anomalies with regard to sign, all stations (Seattle sta- 

TIONS ONUI(C0 occ hs ene Vaca oe dine Suh ace eaass dou we + .006 -000 | + .005 000 | + .002 -000 | — .00l 000 

Mean anomalies without regard to sign, all stations (Seattle sta- 
His OME Cd ).6 66s 3 uote bea uei aan sdanino news cokes 020 .019 020 019 020 . 020 020 020 


The names, elevations, and locations of the stations are given in the table on pages 50-52. 
The values of g-g, for any depth are obtained by combining the correction for topography 
and compensation for that depth given in the table on pages 100-102, with the correction for the 
elevation of the station and the theoretical value of the gravity for the latitude of the station 
computed by the Helmert formula of 1901, which are given on pages 50-52. In this formula the 
value of the first term is 978.030. This is the value in dynes of the intensity of gravity at the 
equator. In order to get the Hayford 1912 anomalies (which were computed by a formula 
which is the same as that of Helmert of 1901, except that the first term is 978.038), add alge- 
braically —0.008 to the g-g, values. For instance, the value of g-g, for station 25 and the 
depth 42.6 km. is —0.005. The 1912 anomaly will be —0.013 dyne. 

The difference at a station between the values of g—g, for any two depths is of the same amount, 
but of opposite sign, to the difference between the effects of topography and compensation for 
the same depths in the table on pages 100-102. 

The differences, g-g,, between the observed gravity and the computed gravity using a 
depth of compensation of 42.6 km. and the Helmert 1901 formula are shown in the second 
column of the preceding table. The mean value of g-g, for this depth was found to be +0.012 
dyne. In obtaining this mean groups of stations within limited areas were combined and each 
group given unit weight. The third column of the preceding table contains the anomalies for 
the depth 42.6 km. after the mean of the second column, +0.012, has been applied as a correction 
to the first term of Helmert’s formula. These are the most probable anomalies from observa- 
tions in the United States if a depth of compensation of 42.6 km. and a flattening of 1/298.2 are 
assumed. The anomalies for the other depths were obtained in a similar manner, except for 
the depth 60.0 km. The anomalies for this depth were obtained from the analytical solution 
Ic on page 123. 

The use of 94 additional stations in the United States has changed the value of the first 
term of the United States Coast and Geodetic Survey gravity formula of 1912, based on a depth 
of 113.7 km., only from 978.038 to 978.036. The lowest value of the first term of the gravity 
formula as obtained in the preceding table is 978.029 for the depth of 184.6 km. 

If individual stations are investigated, it will be found that those stations which are in 
mountainous regions and along the coast near deep water have the greatest range in the valucs 
of g-g, in the preceding table. 

At the end of the table there is given a summary of the mean anomalies for various 
depths of compensation and the several values of equatoriat gravity. This shows that the mean 
anomaly with regard to sign when stations near together are combined in groups has the same 
sign and is within 0.001 of the mean of all stations for each depth. It also shows that the Seattle 
stations at which the anomaly is — 0.093 for each have little effect in deciding the character of 
the results. For the purpose of comparison the means with regard to sign are given below for 
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the formula derived from the investigation of which special publication No. 12 is a report. 
It has 978.038 as the first term, which is also the value of gravity at the equator. 

The solution by least squares which gave from data in the United States the theoretically 
best value of gravity at the equator and the depth of compensation is discussed on pages 123 
and 124. In the above table there are given the values of the anomalies for the depth thus 
determined, 60 km., although the depth, 56.9 km., gives nearly the same set of values. 

The summary alone gives no strong evidence in favor of any one depth of compensation, 
for the means without regard to sign have little change from one depth to another while the 
mean with regard to sign is made the same (zero) for each depth. 

The means with regard to sign of the anomalies for the different depths based upon the 
United States Coast and Geodetic Survey formula of 1912 are given in the following table: 


Mean anomalies for various depths, based u the United States Coast and Geodetic Survey formula of 1912, 
¥,-=978.088 (1+40.005802 sin? ¢—0.000007 sin? 24). 


Depths of compensation ............ ccc cece e cece tweens 42.6 km. | 56.9 km. | 60.0 km. | 85.3 km. | 113.7 kim. | 127.9 kim. |156.26 km_| 184.6 km. 
Mean anomaly with regard to sign, usin pope ueenaeates .o-| +0004 | +0.003} +0.002| +0.001 | —0.002/) -—0.003 | —0.006 —0. 009 
Mean anomaly with regard to sign. for all stations............ + .004| + .008}.......... .000; — .003|; — .004| — .007 — .010 
Mean anomaly with regard to sign, omitting Seattle stations..| + .005| + .004].......... + .001 | — .002} — .003/ — .006 — .000 


This table is instructive only in showing how the computed value of gravity increases on 
an average with the depth of compensation. 


THE RELATION BETWEEN THE DEPTH OF COMPENSATION AND THE TOPOGRAPHY. 


While the mean anomalies with and without regard to sign, as shown in the summary above 
and the one on page 67, do not give any intimation as to which depth is the most probable one, 
the tables given below do seem to throw some light on this question. 

The first part of the table shows the anomalies for the coast stations for the several depths, 
the second part has similar data for the mountainous stations below the general level, and the 
third one gives the data for mountainous stations above the general level, while the fourth 
and fifth parts of the table give the data for the stations near but not on the coasts and in the 
interior not in mountainous regions, respectively. The computed value in each case from which 
the anomalies were obtained depends upon the theoretical value of gravity at the equator, as 
obtained from all of the 216 stations for the particular depth. 


Rayford anomalies for various depths of compensation arranged in groups according to topography. 


Hayford anomaly for depth of compensation of— 
42.6km. | 56.9km. | 85.3 km. 127.9 km. | 156.25 km.| 184.6 km. 


Station number 


Twenty-seven Coast stations in the order of their distances 
from the 1000-fathom line: 


Dh none oe cd cee edsic cc ecece dese se ten be sencinnwsion ediecwse ees —0, 006 —0. 010 —0. 017 —0. —0. 033 —0. 025 —0. 027 
18 BOP eee sewer eseosrreserenresererneneeeeseeereseecesesees rack - 004 = - 008 = 014 —™e -_ 022 — 025 —_— . 027 
80 Seer cesses esesresceseevrecseccsnevreraneseusesezrecsenesecs — -010 -_ -010 — O11] — ee — -010 — 010 —_ .000 
OO so oes eeue se 226s catiactuWexe daGeewencnticincteasaete — .037 — .039 — .043 ae — .048 — .049 — .051 
DE seh ss neha hos oh eae oe CS oa a Maes Cee RU ee kee teenie esas + .016 + .015 + .013 +. + .011 + .010 + .010 
We oda lord ot anbisea cxmetauan Stal antag a wry saa) +.010] +.015| +.0100] +. + .005| + .003 + .002 
125 Peewee eens sere re rere s ee verseseeeesessensereseceseses —_ . 016 — 018 oe - 020 — ie = - 023 = . 023 =, 024 
Ra a AA RE RNR EUR AS ER NP +.081| +.030| +.088| +. + .028| + .029 + .030 
TOB oh erent tae et —iol4| —.016| —.o19} —. —iol| — 1 ~ ' oO 
215 Smee ee sereresesanesreererseeesesceseneserecesseeoresesere = .022 = -B — - 025 eae | = . 020 =. 029 —_= - 0380 
149 Trrererrerrrerrrr rire rere eer eee ee eee eee eee eee ee = 022 _—— 024 = 027 — ie — - 081 = . 032 = - 034 
164 POOP er eera wees erecesescesenesensesesreosrersseeseseces , - 000 = - 010 — O11 ~~ . oe’ 012 = 012 — -Oll 
127 Cow mreererccreccenvesrecscereccsencnssesecccsosvenesces = - 004 aes - 007 hae -010 ~ e —, 014 = -015 = 017 
Bee re esa eee — i000} — 010} —.o1| —: — i013} — oll — oll 
Ce ee +.005| +.00| +.002/ +. +.001| + :001 + ‘001 
Ee tecant c  iphoae of lide eae ABS +.025| +.02] +.025/ +. + .0%| + .0% + .023 
a ee +.077| +.077} +.02%| +. + 1025} + 1026 + 025 
66 Peete ee rer sence ceseresreesesrescenesesrereccseseesneseseeoes — .040 — .040 — 049 — e — .040 — .049 — .050 
Pee +.09/ +.07| +.03] +. +019} + .017 + .015 
161 Coenen ween eeensentesesreseseerescesreereseareereeeseevene — O15 —_ 016 — O18 ae a .- 020 er oi — - 021 
Ooi s castes Wawa t eve W te hawiss eaeeet eee tele iGe eee eee + .018 + .017 + .013 +. + .010 + .000 + .008 
Bndco sd ea tin bGG oes. taiwan oeueoeeecsl in Cedeewiacew es + .000 + .008 + .007 +. + .006 + .006 + .006 
es ee le +.000} +.009| +.007} +. + 1006] + .006 + 5005 
17 Shee ecresceccesecessenrevecsscescsecseceseesessccosecs — - 015 — . 016 baad 018 — ee = - 020 + - 020 — - 020 
7 Seeeercensecsceerserecs veces everevsssrsssecrsccsscecverce — .000 — .000 = . 009 ~— es — .007 — .006 — .004 
N62 che ak oe ce eden ec eh ae ch eceriauineeis +.000} + .007 + .003 bi "000! — .002 — 5003 
1238 Peer arene ereccccrecsccesaneneesereseccesesececeessoee ani 012 — .013 =. -013 aseee| = .013 = -012 —_ 012 

Mean with regard to sign. Peccccccevsecresecscceresccaes — - 002 = 003 — . 006 _—— wae . 008 _— . 009 sex . 000 

Mean without regard to sign ‘ . 018 018 .018 


~ ne 
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Hay ford anomalies for various depths of compensation arranged in groups according to topography-—Continued. 


Tt BIG | 1 J | Hayford anomaly for depth of compensation of— 
AG Station number 


56.9km, | 85,3km, | 113.7km. | 127.9 km. | 156.25 km. | 194.6 km, 


Thirty-six stations In mountainous regions and below the 
istances be- 


il lev in the order of their d 
ow the general level: 
Waal 6 cham oqee sh tee eee Tee eer eee ee ee eee ee ase. +0. 003 —O0. 001 —0, 006 —0, O11 —0. 014 —O0,. 017 —0.022 
Diicrwas 6.5 ais ono aes audeReeeiuaeeneanvdeptdcatawaeeunes — .005 — 007 — .O011 — .018 — .014 — .016 — ,O18 
105 SOP SSSS SE SSS SSSESSESSESSESESSESEOSSESESERESOS eee — 017 =— .017 ae .018 77 .019 . . 020 rT . 020 TT 021 
OE 557 i pitadacabadastebasttekdalechadcshestupabachesns + .023 + .023 + .023 + .023 + .02 + .023 + .022 
OT ocwacedé ee Pe ee Cee Ce ee ee ee ee eee | tedewe feweee + 004 a | . 001 be ad . 006 = O11 —> 9 014 be a .Ow mm . 023 
el ee eee ee eee ere ae oe Sho. oa | er her. > ere, | 
Blinc gh acue deen ocaghebbsicn ise yeecuabneshuneteusesuawe — .027 — .027 | — .028 — .U27 — .028 — .028 — .028 
RAs anbununndedde dda cat Oneecbenen Gaia uhabnampelte nahn — .019 — .019 — .021 — .022 — .023 — .25 — .026 
B78. ic. - Dads SASK . AED Saat. . WIS a) dsc. be). — .027 — .027 — .01 — .082 — .04 — .036 — 087 
85 Serer eee eee eee eee ee ee eee ee eee ee ee ee eee ee ee — - .005 TT . 003 000 + . 003 + . + .005 + . 006 
176 eseeesseseeereeeseeeerseee ee eeereseeseseeeeseseseseseses — ,022 — .022 — ,022 — .022 — .022 = . 021 ane . 021 
J} a See er eer ees ere Te eee Acre — .021 — .021 — .022 — .022 — .0233 — .024 — .025 
JORAL uae i sak CTRL. uty Lelie. stk he... 030.0 —'.019 — .019 — ,019 — .019 — .019 — .O19 — .019 
OE en DOPE ee eee + .023 + .025 + .029 + .032 + .033 + .035 + .038 
Gena tteddndtaccwy ds canebe er athaciwecndiamatbeumant ascent + .009 + .009 + .009 + .009 + .009 + .009 + .008 
FOS. 0b ie weap cae OE Ai oh AME 6 kaise dé PORicascvaksange + ..051 + .053 + .054 + .056 + .056 + .057 + .057 
113 escee eee ene eee ee Pie weeeeetbsboowmeces dmc eo cle cee eeeces — 033 — .0381 — .028 — 025 — . 025 — ,023 — .021 
1 bs RE a el RA Spee ee Let RA PY Tee TAL — .038 — .038 — .037 — .037 — .037 — .037 — .038 
OTL ELE LEE XU Err + .025 + .028 + .082 + .085 + .085 + .038 + .039 
Reece nda cesckea Wade t 6cetdivctbcRcanatbercadeess alah eke — ,004 — .0v6 | — .010 — .013 — .014 — .016 — .019 
DNS ncs 60 6ccuweta cl dons decttaciese ec xde.vthiseakseeddhasss — .016 — .019 — .023 — ,026 — .027 — .028 — .029 
EAT oe rai naan tects Cebu eek aT Rh hat + .01 + .084 + .037 + .038 + .088 + .039 + .039 
WG ern cccckecasdpacs cv cedses suk dtnauineciadadeacbaautcs — .009 — .007 — .007 — .007 — .008 — .009 — .012 
MG nda caegucmacdcrencarcdriudodsccawadestetwuss<éicewe’ + .032 + .034 + .034 + .034 + .033 + .032 + .031 
eT 4457 -A lp be PCEE WTS oS SAT hE Ve ecw ek ry a4 ae ee +). 022 + 020 + .018 + .015 + .014 + .012 + .008 
BS Siada beGddaemde cee danabedebucevehbbbuescemsndcacens + .039 + .087 | + .030 + .022 + .O018 + .012 + .004 
BOG ss JoLSSCCLECL Le LE ELL Ly (OLS. 08..JTR1.82 + .003 + .006, + .010 + .013 + .014 + .017 + .018 
42 CCM OME CHEESE EER EERE RHEE HESS EME SEEDS HE HEEES deoetvewoee a . 006 4+ . 003 == . 001 a . 005 = . 007 = .010 — .O15 
MOG SiLCL EIS. esate ee. Sd) all 72. + .024 + .024 + .0B + .021 + .n19 + .017 + .013 
OD en ooo asa dewerlcras dubereuattenecatsecens notwhacke + .009 + .010 | + .012 + .012 + .012 + .012 + .010 
Mees bet As dawan Se SeeeadacaDPade cobs ass ade kcsseaeunes — ,020}, — .017 — .014 — .014 — .O15 — .016 — .018 
Bi) Tee ee eee eee eee eee eee ee eee ee eee eee =_ . 003 ; + 001 + . 006 + .010 -++ O11 aad .014 + .O15 
78 Oe ee ee eee eee eee eee ee ee eee ee ee ae . 004 — .001 + - 002 + . 004 + . 005 + . 006 + . 007 
COs yiist LAL LRTI. TOE Bey CARLES TO Pe aCe et . 000 — .001 — ,005 — .008 — .010 — .012 — .017 
Sa ancaawn hunewtbends<enddecaa ames ouseevceuanses acavez + .019 + .023 + .026 + .026 + .025 + .025 + .022 
sod. ALLS. SLi. ed We AS) BO et 4p be DG Oe URS) be a — .032 — .027 — .022 — .019 — .o18 — .017 — .O17 
Mean with regard to sign. ..12..2022....0... jist. » 000 — .00l _ — — .003 
Mean without regard to sign..............--.....--- . 019 . 020 , 022 
tet rr — 
Twenty stations in mountainous regions and above the 
general level arranged in the order of their distances above 
the general level: 
BBs sos dhoasstavnb abe ccaennotess sacdenrcnetsnscesie — .009 _. — ,01u4 — .016 -. — — 019 
Whe taedhieuss Odouenssacsk nous cas Setvaackoaduercucemaneene + .020 +. + .010 + .005 +. —. — .006 
BAG sku bys 40 ca Arce da eenaht aus wai beemniee anrebhhee cena + .002 _ — .012 — ,019 a ~ — .033 
BUR bvacerocetotdsadheCncuswndle Setrearkcadcctcadcuhwunie'n + .046 +. + .043 + .042 +. +. + .040 
ORs cbesrahns vddonscchdesuseesstuwbabedhcahoseredencseses + .019 + .015 | + .008 + .001 —. —. — .013 
WU perro n ge a caaeretas tras tvemeinaciss + .043 +.038| + .030 + .023 + .019 + .014 + .009 
a causths a anand GAGs S cae Bekins abe Rab ee ob Coss ann ae + .026 + .021 + .013 + .006 + .008 — .001 — .005 
Pe eee acca sadn deimtwaddes nkeweet access vaca s esac + 013 + .009 | + .002 — .003 — .005 — .008 — .Oll 
a ae ran aoe Oe waacn cat nee beni sone + .023 + .018| + ,008 . 000 — .004 — .009 — .015 
GB iia cave aa wa evan ace gepaedscsebiseccen ddeevaut vuckoecee + .037 + .034 | + .028 + .023 + .021 + .018 + .015 
DB goin dh Cas nce SPU Ere iis ccd Redden cdabelee nace — .036 — .040 — .045 — ,048 —-. — .050 — .052 
pe aS EE RG SY) ne eee a, | | Raa tL «| PE ga + .026 + .022 + .O015 + .012 +. + .008 + .006 
Wn stawrdaPaliaanswetsapeteebere canna Lede vessake acct +... 020 + .016 + .O11 + .008 +. + .005 + .004 
MG 2 5a date sare ccced Ceoubcde codeslt Vic tnwcccle ecees — .006 — .o12 — .021 — .027 —. — 033 — . 036 
Wc vc cdsOlsrth sccorcllastccvcaablosdicscaceetiatsc + .067 + .062 | + .057 + .054 soe + .051 + .050 
Dearden des ealbes anaes sc ds Ux ance ecadels scans + .O15 + .012 | + .007 + .003 +, — .O0ol — .006 
REGS wie daeegiod ap ob sss datthb Sakas'a pa dttadaseéucattbovoes + .Oll + .001 — .015 — .026 —., — .039 — .047 
Bs rac eb PT KG ohn ae siteE waters bes LeMans cow cx Silda s + .021 + C014 | + .004 — 001 —. — .007 — .009 
isan dk dined en 6s ecb Nr sunds nha ohOiceds a6 Tix akWes cass + ,028 + .022 + .012 + .006 +. — .00l — .004 
Do wewoge teserevendnnctnetaussecosqges¥erns cy Abgets aes + .057 + .046 | + .082 + .023 +. + .013 |; + .006 
Mean with regard tosign......................22-0e- +. + 016 | + .009 + .003 +. — .003 | — .006 
Mean without regard tosign........................ ; . 023 | 019 .017 j .018 019 
ee ______, ——__ ________ -—____________}, ~ — —__ _______q_} 
Forty-six stations near the coast, in the order of their dis- | 
tances from the open coast: 
i 06.02 e0 hOKh ate cas BAM) o 6d oon cs MRRatabiccceeeesCiesa: — 026 — .032 — .034 — .036 — .038 — .040 
A ie Ae lt enh Dah oe eee terete — 5007 | —.007| —.000| —.007! —.006| +.008 
,' se fRawigia’ o6vdup asdancewaOOGiedsuss se dedi cet: — 017 — .017 — .017 — .018 — .017 | — .018 
DR ico retdctemzeah ts cee dine occ kas obbehesnwere cc Mlibiies. — .042 | — .043 — 042 — .042 — ,042 — .042 
Mba Seustvtakadan os de gaWebcresade 20 lansdecexatekibwsac: — .006 | — .007 — 008 — .008 — .008 | — .009 
Be isa cde RO aa Sancck eed une aeeawsl cede dawascee those — .009 | — .009 — .009 — .009 — 008 — .008 
CE Os PO ROT ic ay See td pa aime im 0 GS Be — 015 — .016 — .018 — .019 — .020 — ,021 
Se! Ping dee D8 | Saat impenea, | Wi ieee 1) Sin eee — .008 — .010 — .012 — .013 — .014 | — .015 
Oe oy RE Ran Fae Te as | | REST | ee + .0% + .024 + 02% + .023 + .023 + .023 
SEG | TE 1 Cea (5 Sas 1) ee — .027 — .029 — .031 — .032 — .033 | — .034 
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Hayford anomalies for various deptha of compensation arranged in groups according to. topography—Continued. 


Hayford anomaly for depth of compensation of— 


Station number 
42.6.km. 56.9 km. 85.3 km 113.7 km. | 127.9km. | 156.25km.| 184.6 km. 
Forty-six stations near the coast, in the order of their dis- ; rhaoak ' 
tances from the open coast—Continued. 

) OM8..... a te) ee O.Oerccccrd ST db 4s 0 0 de SUG. Oew —0, 008 —0.010 —0.013 —0,015 —0. 016 —0.018 —0.019 
yO” ee Ee ey |) ees 6. eee — .Oll — .012 — .015 — .016 — .017 — .018 — .019 
OB oc ive} MEK a Aisinns te ockes cee DR arden scdeClOecab ss + .016 + .010 . 000 — 008 — .012 — .018 — .024 
| eee FI) eee ve. 2° See + .017 + .016 + .015 + .015 + .014 + .014 + .014 
| eS FS ee eee "ee Sea |”) Ge een oy}, ee eee 4+ .005 + .005 + .004 + .004 + .004 + .004 + .003 
| Se Woes ree | | Pee ameter 1, Wee Soy |: De ee + .005 + .005 + .005 + .005 + .005 + .005 + .005 
a WD greet 5a 4H ys cen's 5 52 Acors sav ae thus ewec + .015 + .015 + .O15 + .015 + .014 + .015 + .015 
hh eT se ee |) eee Pet. eee — .00S8 — .009 — .010 — .009 — .010 — .009 — .008 
POD at Dib oeescs te R10 coxccchad " Baas ee + .036 + .036 + .035 + .036 + .035 + .036 + .036 
21 ee ee eee i + . 037 + 037 + . 038 + . 039 + . 039 + .040 + .040 
OF 3s A RR» wnck 551 cei (cdalbbaa Mes ontsn 4d seOdeteusde + .039 + .039 + .040 + .041 + .040 + 041 + .041 
MOB. ons Ga obi ob REO 6 odes 505 AE oe 00 das odes + .005 + .005 + .004 + .004 + .004 + .004 + .004 
S| RS ee TT pee eee |) See eee mw Yee ee + .016 + .016 + .015 + .016 + .015 + .016 + .017 
Os. ee ee” ts cnet a= Ait own oes te icess + .037 4+ .038 + .038 + .039 + .039 + .040 + .040 
| Se ee a a Te ees ee )). ee + .006 + .006 + .006 + .007 + .006 + .007 + .007 
Ns ec ANID woken 6600 BGs abe oes OlOcedisects Oasdeus — .006 — .006 — .006 — .004 — .004 — .003 — .001 
TID: § adn Dis obese xo AD cade ween Mb nabees< t BOO .cdns- + .048 + .048 + .047 + .048 + .047 + .048 + .048 
16 wi 5 OI ctr s LORD dade 200s e Olas obec ss tO ak ws + .037 + .037 + .087 + .038 + .028 + .038 + .038 
DR ss ob ata on 8. cect canon bossa dithhseeceus baie csewss + .037 + .028 + .088 + .038 + .037 + .037 + .037 
Bons cosy ic oot sh A oan core Mw oheck 1 OO cdees — .025 — .025 — .021 — .018 — .017 — .O15 — .014 
ORs 6a ate PER cs whe aes Cot 6 ote cs avs Stan 0s oat hl vs decs + .003 + .005 + .008 + .011 + .012 + .014 + .016 
OF a5 625 BON 1000000 d ehRinwccsccell ee | Pe — .015 — .014 — .012 — .010 — .009 — .007 — .005 
J) SR ee en eee ns, Ree — .043 — .042 — .O41 — .041 — .0A2 — .042 — .042 
RG oa <n ROO 6 ce ka bee ores bcc cc Sx ccds or NN taeiee + .015 + .016 + .017 + .017 + .016 + .017 + .017 
WO oois SB wc cas ot ND oc cance Mic cosese} BOlicccsse — .010 — .009 — .008 — .006 — .006 — .001 — .002 
AT op cen ed lt vt mans gden tkedl s<aws dnd ieeens La Geouse — .012 — .Oll — .010 — .008 — .007 — .006 — .004 
SO a sion Ree Sa kc ORD Gr wcnv dca Qicweddcc tall soonest — .013 — .012 — .012 — .Ol1 — .012 — .012 — .012 
REN sue a calan wane cop cavnagapececcane beaseeaateesaapanes + .030 + .029 + .028 + .027 + .027 + .026 + .025 
BAO s sec Gals cade ss aA sscce ean teisecesve<beeObvess< — .045 — .046 — .046 — .047 — .047 — .047 — .048 
SEE 7 eee Yad eee S0-c Bek pa cotace + .Q21 + .021 + .021 + .021 + .021 + .022 + .022 
pS ee Tee ETN ee CREE © | Sha Pe He A) Pepe rae — .019 — .020 — 022 — .023 — .023 — .023 — .023 
BP ice xo COs thine ess Rhr cee nc BRne chase ck antcaa — .021 — .021 — .021 — .021 — .021 — .021 — .021 
Ot esceccebbieseweceesetbbecdocecsesSbhesceoweccesend Peewee eeee -_ .019 - .018 = .017 — .015 — .015 =— .013 on .012 
RG sick aR saa ea a tali eg odhdwa ede CEDAs airs 00 kelb ete as + .0837 + .035 + .083 + .033 + .082 + .032 + .032 
UG 5 isco s CRIs Sane hos 6 Ae Aa cece MiRacchidek x Ghssdass — .016 — .015 — .013 — .Oll — .Ol1 — .009 — .008 
Oseccent hOB cabins es dOdnS cheesd de Ghilansk saver diitboulens + .015 + .016 + + +. + .020 + .022 

Mean with regard to sign......0...........ese5--0--- + .002 +. oo +. +. + .001 + .001 
Mean Sithoot t TOgAEG, CO RIOT. . asiise «ono 0 o sHV bs cdves . 020 . P 2 021 .021 
—— 
Eighty-seven stations in the interior and not in mountain- 
ous regions, arranged in the order of elevation: 

BD) 9 3:scROes ala'ssd60 ANUS 4455 &6 vec Pa cans 60s OMme dha ss — .014 _-. — ,012 — ,010 — 009 — ,007 — .005 
OB aca eeeensh aivals bas Bue Saidne oe, OO descs sch eaves ve — .005 — .003 | > + .003 + .004 + .007 + .009 
IG uc nRnmssagecach 0th ahco de xs BOM@incdas asch b iets + .010 + .Ol1 + .012 + 015 + .015 + .018 -+ .020 
ain nd 0A Ads 6 oe Adie «ag kas ad ARMS Ganites 5 ocean aol — .016 — .014 — .Oll — .008 — .008 — .005 — .003 
ABs ocag oovmd dice cnihicebsdedivaeasdehlecelieetausbbacess + .024 + .026 + .029 + .032 + .033 + .035 + .037 
Cy See eee es &hs au alae bss eka eo whwoe + .007 + .008 + .011 + .013 + .014 + .016 + .019 
Free Te P< +E ES yee on, es SN + .020 + .020 + .021 + .023 + .023 + .024 + .025 
AG) <6 abeita's'din 4 84.9 RECs an was eve adds s+ sl Giien caw — .021 — .019 — ,016 — .014 — ,013 — .Oll — .009 
1 + a ye a no ee pe, AP EE) — .026 — .025 — .024 — .023 — .023 — .022 — .020 
Seuss cn bRGaAke calirken Qodonek nvanadoucbkaesccccekenee bs — .012 — .Oll — ,009 — .007 — .006 — .004 — ,002 
BBS ik sdccttete as ngs SA ee OS Saicu dese hnde ns cacti menos — .010 — .008 — .006 — .003 — .002 . 000 + .003 
SORES = meme ects dab MOO cekt KF ee ch ilases ne aeaed eee + .Ol1 + .012 + .013 + .015 + .015 + .017 + .019 
|b tae SREY ye OEE ES fee Oe apy nae — ,010 — .009 — .009 — 006 — 006 — .003 — .001 
ae ax 34h sans Oh cuits tee ok Adee saancd + .005 + .006 + .006 + .008 + .008 + .010 + .O011 
dad cae Abs ce aae Mahdi dekcert icv nectes ca ee des — .020 — .020 — ,019 — .O018 — .017 — .016 — .014 
NFA etic svcherdcscsas as cndstctatadcccedebhié saueaxstitat — .029 — ,030 — .031 — .031 — .031 — .030 — .030 
177 OSOSSHS CSE SOSHOSSESSES SS SSHEHREOEEHODEESSSSTESETESESSEEOOSE oP . 002 —_ , 001 + .001 + . 003 + .003 + . 006 + . 008 
PTR cce ans indie tdusenede ended wai taactksssereidecbatado: — .030 — .028 — ,026 — .023 — .022 — .020 — .018 
Dee nisin caahas cada dnecdeeteludcodchntkanawsubus cons — .Oll — .010 — .007 — .005 — 005 — .003 — ,002 
138... J > Teer eee er ee eee ae Pes eee t+ be eee ae T? .019 —_ . 018 Te . 016 a -014 ‘TT . 013 ; — O11 — . 008 
, MA. cask’ 3... i. eared e JA. dd 1h . chee hepa ile wat. » os ,027 rr . 025 = , 024 ve. .022 vane ,022 4 - 021 h , 021 
pt Rept FR Gare oe bir aR ae ncaa Pay app pated tt Be math — ,024 — .024 — .023 — .022 — .022 — 021 — .021 
143 ot) ees es eee eee ee eee “++ ee ett teem eeeeee r + .016 + .017 + .018 + «020 + . 020 + .022 } + .023 
DMs hiinewe see Taddevarseuaune snd soGnvededes Cus ¥eheee Oks — ,028 — ,028 — .027 — .025 — .025 — .023 — .022 
166 eee ee eee ee ee | bh «eee chee eee sew wsae eaedwuaese = f — . 021 : 2 021 ‘TT «UZe > «921 —~ .022 Z and . O21 bn ¢ . 021 
1830. ca at basse ebepends adage So daub. by serbeseebd. + .013 + ,014 + .016 +, .017 + .018 +, 020 |, + .022 
WGaviwd Cadwa dU arene aceadWatekonmeieed esate dnc wie ds — ,027 — 027 — .027 — .027 — .027 — .026 — .026 
145.45 ee eee i in ne ee ee ee aes ewe “- + . 025 Sa .026 + ~ 027 + 9 fas / + . 0238. | + . 029 + . 030 
WES dvexabae<Ragvetenncdabnanwhsdacrdbbucadead raweeedecens — ,005 — ,004 — .002 —. — .O01 + .001 + .003 
DORs sive vod sseghtansecedcdceesdesskeh Senet ustwiedecenat + .047 + .048- + .050, + .052 + .053 +, .055 + 057 
137 Seer ee er te eee eae) eee 1) ee) - deme eo date ee ee she ad . 001 + 001 j + . + ,003 + 003 + .004 ok . 006 
178 iat ti lid ei Rell bec etlnt Tn mecle nel eben beat | -000 t -001 + ot + - O08 + -004 £ 006 + 007 

eo e® tied wn, aio e+e ee ee ee ee + . * - + » sf . th). t+ . + e 
136 SS SES SESE SESS SSESESESESEEEHEESESES EE EEEESE dake ba z seeesee —_ 013 = .012 —_ . O11 rr . 010 — . 010 - . 009 aed . 008 
211. > eee peitdéce cba etededboddwada wat tereee . . 022 = . 022 , — .02 | aed . 021 j — ~ 022 = , 021 aj ~021 
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Hay ford anomalies for various depths of compensation arranged tn groups according to topography—Continued. 


Hayford anomaly for depth of compensation of— 


Station number 


42.6 km. 56.9 km. 113.7 km. | 127.9 km. | 156.25 km./| 184.6 km. 


Eighty-seven stations in the interior and not in mountain- 
ous regions arranged in the order of elevation—Contd. 


| 1) 1 REISE RUA nonce eee etree Serve eae cree eee REE IE NE aed op 0. 000 +0. 001 +0. 002 +0. 004 +0. 004 +0. 006 +0. 008 
eh ene ar ceca BE Oe ee — .0380 — .029 — .037 — .025 — .024 — .022 — .020 
Doo ee ere ost edb ami en tess ee eee w en tea eeee + .012 + .014 + .017 + .021 + .022 + .025 + .028 
BA ead cate evtsedee a asin foto besusecces ace teueseeeatees — .023 — .020 — .019 — .017 — .017 — .016 — .015 
Thos 85 Scie Saka lets icin oo Sai wes De 6 Bs GR awa ee ees Se + .084 + .066 + .058 + .061 + .062 + .065 + .067 
NOL eee Side a se ees datecode wares + .005 + .007 + .010 + .013 + .015 + .017 + .0230 
TOS du Sapsees Sake wen ad Waste dasem ase sure snes seee cause — .0B — .02%4 — .027 — .02 — .029 — .030 — .0l 
BT oie os dace Ghai ante eee a cices ob ws eaedusacteee — .007 — .006 — .005 — .08 — .003 — .OOl .000 
BO ores Sea seo ace ewiwekea series see hesecleusacenaede — .021 — .019 — .016 — .014 — .013 — .010 — .008 
154 a ee a ee a ee ee es = . 033 a . 064 = . 006 — . 036 — . 0387 ral 038 —= . 0883 
171 See SOS Seo aS He SHESHSHRHHHEHES SEHR EOSHHOH REESE ESEESESHE —. . 026 — . 026 — 027 = 027 — 027 —. 027 — 026 
106 se Stee Sas forces eater an see a eanwu enix eaten + .033 + .034 + .035 + .038 + .08 + .040 + .042 
WOO soe se Shae ood BES aa So ea ee eek a inte enewas + .015 + .015 + .016 + .018 + .019 + .020 + .022 
BS 6 oo Feces ean ba peace ne ona dade a See ees aees — .0380 — .029 — .028 — .025 — .024 — .022 — .020 
180 COS e meee nearer eee He eeesererasearsnesrreseseoreesEese —_ .043 — 043 — 042 — .040 — 040 — . 038 — 087 
ND oid Ses ee a ea eee ae ee + .010 + .011 + .011 + .013 + .013 + .014 + .016 
DOO eosin derma weuse ce ceuneeteweentacieieruutaeed oe eeuses + .003 + .004 + .006 + .008 + .009 + .012 + .014 
NOD siete cscs oe tatvicena een ees sews accuse teeee dus sewn + .013 + .014 + .016 + .019 + .020 + .023 + .025 
MGs aoe akties eta ueetiwiens Sade coueue  eeaceat eta ck oees — .021 — .021 — 022 — .021 — .021 — .021 — .021 
NOT nace heh ok i eee ee aos Oa ee + .008 + .004 + .006 + .008 + .009 + .011 + .013 
WO ie ue tes adaucuse se ecdaseeecseseeetecutsuesats + .O11 + .012 + .015 + .017 + .018 + .021 + .023 
USD ce Sasa ee ee tie Be A eters se — .052 — .052 — .03 — .048 — .047 — .046 — .044 
pe tin GE ot CR ca es A te tM eS at aD SI alt — .010 — .009 — .006 — .006 — .005 — .004 — .002 
DON ose aia ten ew ced ii etetc debits abies eoGee tank — .027 — .02% — .026 — .024 — .023 — .02 — .020 
108 rer reer eee ee eee ee eee ee Le ee ee ae ee ee ee ee ee ee or Ol! ets 009 = 007 — . 004 — . 003 .000 + . 002 
UBB sil aes cet ona ewe eaiech eer bacetds ies watels + .010 + .Oll + .012 + .014 + .015 + .017 + .019 
a Dea ees a ie ee a Ra ASS ae Ook, cae ath ato ret ce etree — .062 — .052 — .051 — .050 — .049 — .048 — .046 
DG Goes a ss Bates sealed lata ae aa b aia cio a os Cae oe | ee ena een ee eeee See teens eta atte A amc aes eat Lhe Geta hen acteo eo el arabia, wie aad 
1B8 asus cease becuase torte cl acal eeu eetedee Sa ees — .050 — .049 — .048 — 047 — .046 — .044 — .048 
BO so Soe aie re Sh Sona ew Sel ae i eae eis ares + .012 + .012 + .012 + .013 + .014 + .015 + .016 
j |<: » SRI RRCESR et tR EN Pier RRS ea tee Fewer eD Pe Manse sn Ta ES Vs Se ER Ce tenn + .007 + .008 + .01) + .014 + .015 + .018 + .021 
para tom o gt” Bg mE rs tie a ee eh tear Oe ee Ue OE — .00 — .004 — .001 + .003 + .004 + .007 + .010 
Dod watan aah ey nosiale ree hu aioe Sao eis oh Sue te tee + .023 “+ .023 + .023 + .025 + .025 + .027 + .028 
180 oct acwatercactesstsaaeey cate ewe odor sems + .027 + .029 + .031 + .04 + .036 + .038 + .040 
WB lent ccs acees seesaeol e eee ale eae nae + .006 + .008 + .012 + .016 + .017 + .021 + .024 
DT ocala. vw ole Ain dw ea Ob San Re ee eerste owas Wea ee ae eRGloak + .042 + .041 + .040 + .040 + .089 + .040 + .041 
BO oe scictarak taevtae sel sente aie Sects odaes Lite EOE ei + .009 + .011 + .013 + .016 + .017 + .020 + .023 
NO ici ch Wee Oislten ee wives RES ba eis tac arnt oadhaadecavc on + .027 + .026 + .025 + .026 + .026 + .027 + .028 
ON 6e oo Saw ese ee dd Bad eee ated eee oar encdetant — .002 — .00l + .001 + .004 + .004 + .007 + .009 
1G e2isk al hacks cals Sew hata kde hitaens os Oates a thoes ent oa alte — .00 — .00l + .002 + .004 + .005 + .008 + .010 
MOO aoe Sere ees Sends one k ons cass ede an esos + .013 + .014 + .016 + .019 + .020 + .023 + .026 
BD cesses oe SB Gas Meee ties. Sag a Soe EGON AS 8 clea BEE + .012 + .014 + .017 + .021 + .022 + .025 + .028 
Do hirbisiSre en aceite kcceiee eee ecu aUo iced reniaiecese — .027 — .028 — .028 — .027 — .027 — .027 — .026 
Gere he Deca Bese la ety Gi acl arse a ciel cinch te eR ined + .020 + .02 + .026 + .@1 + .@2 + .086 + .038 
TR uaa Beane ted dito aware oewnnd cheeses wakes heels + .082 + .033 + .03 + .004 + .034 + .085 + .036 
TUB oc ieera cso eet st eee oS e ok + .025 + .027 + .030 + .032 + .63 + .066 + .037 
WOO io ded ae ora sewee ca nae sar kee oe Bice ule Se + .018 + .019 + .019 + .020 + .020 + .022 + .023 
DBs soe eae dea eee te oe ee Ace hee te + .012 + .013 + .014 + .017 + .018 + .020 + .022 
168 os iwac ae takaws seset chew ee sla V erik se eeecoea eee + .034 + .035 + .036 + .037 + .037 + .039 + .039 
BB onc mais sae oe Som k oleate a ee dae ewe eae eos — .008 — .006 — .005 — .004 — .08 — .002 — .001 
MOO ok cieuw eto Sacuetuedeedete eco iegs ovate ccc — .019 — .017 .016 — .015 O15 — .014 — .014 
WY erie waew ent tae ecs Svakenet aw alee Sauhe teens — .009 — .009 — .010 — .010 .010 — .009 — .000 
OOo e esse oe tesinrarston whee sacs tote onset eras — .012 — .013 .014 — .014 015 — .015 — .017 
Mean with regard to sign............. 0... cece ee eee — .003 — .002 — .001 + .001 + .001 + .003 + .005 
Mean without regard to sign......................... 018 019 .019 ‘ .019 . 020 . 021 
@ Not computed. 


The mean value of the anomalies with regard to sign for the extreme depths for the coast 
stations is — 0.002 for a depth of 42.6 km., and — 0.009 for the depth of 184.6 km. The inter- 
mediate depths have values which fall between those two. This is an indication that at 
the coast the smallest depth is nearest the truth. These stations show a negative mean value 
for each depth which agrees with what are called the Hayford 1912 anomalies. (See p. 63.) 
This is as might be expected on account of the lighter material in the Cenozoic formation which 
is generally present along the coast. (See p. 76.) 

The second table shows mean anomalies with regard to sign which are very close to zero. 
These are at stations in mountainous regions below the general level. The total range is 
only 0.003. There is no one depth which seems to be much more probable than any other. 

The third table shows that the means with regard to sign for the anomalies at mountain 
stations above the general level have a total range of 0.027. They vary from +0.021 for depth 


Special Publication, No. 40. 


oe el en ei /| 
ie Fe a al 
Lae Seee Se 
ee eee i ae 

4 eee 


ae 
Re 
mi 
ze 
ze 
bedea 
ye 
oll 
ee 
ee 
ze 
oY 
= 


aaa eee ee 
eee desl lea Meciples 
eta Reese 


Sum of SGUAES of Residuals 
nna ee 


Rees a eR RASA BP. i a al aes 

FEE EEE EEE AEE EEE EEE 
seca ole ies oie eae elk Neo eater cites ested 
ppp et EE LA | ft | 


Sane Pelee eel ead alo Neca Mesaja ome ded Lele 
Tee ST eT ee Te ee el ee 
30 40 50 60 70 80 90 100 10 120 130 140 150 160 170 180 190 

Depth of Compensation in Kilometers 


FIG. 5.—-GRAPHIC DETERMINATION OF THE MOST PROBABLE DEPTH OF COMPENSATION FROM 216 STATIONS 
IN THE UNITED STATES. 
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FIG. 6.—-GRAPHIC DETERMINATION OF THE MOST PROBABLE DEPTH OF COMPENSATION FROM UNITED STATES 
STATIONS EAST OF THE NINETY-EIGHTH MERIDIAN. 


Special Publication No. 40. 


leds 
CEES EEE EEE EEE EEE EEE EEE 


~ 7) in + 3 os ° o> re) ~ T) 


S/ON PISO $0 a yo ung 


FIG. 7.—GRAPHIC DETERMINATION OF THE MOST PROBABLE DEPTH OF COMPENSATION FROM UNITED STATES 


STATIONS WEST OF THE NINETY-EIGHTH MERIDIAN. 
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42.6 km. to — 0.006 for depth 184.6 km. The evidence here is strongly in favor of the greater 
depths. 

The stations near but not on the coast have means which are close to zero for each depth. 
The range is from +0.002 for the depth 42.6 km. to +0.001 for the depth 184.6 km. 

The stations in the interior not in mountainous regions have mean anomalies which range 
from — 0.003 for the depth 42.6 km. to + 0.005 for the depth 184.6 km. The intermediate depths 
have means which in no case are more than 0.003 from zero. The evidence from these stations 
is slightly in favor of the intermediate depths. 

It is highly improbable that there should be two depths in mountainous regions, one for 
the higher land and one for the valleys, although it is possible that there may be a different 
depth in the mountainous regions than in the flat portions of the country. 

We must conclude, therefore, that a depth of 42.6 or 56.9 km. is very improbable in the 
mountainous regions, for the mean values with regard to sign for the stations above the general 
level are +0.021 and +0.016 for those two depths, respectively, while for the stations below 
the general level the means are 0.000 and 0.000. There seems to be no evident explanation for 
this difference, aside from the effect of the depth, as the stations in any one of the topographic 
groups do not fall largely in any one geologic formation, as do the coast stations. 

The depth 184.6 km. gives mean values of — 0.006 for the high stations and — 0.003 for the low 
ones. While these values agree quite closely, yet they differ an appreciable amount from the 
means of all of the 219 anomalics in the whole country. 

The depth which seems to give the smallest mean values for the two groups is 127.9 km. 
The mean for the high stations in mountainous regions for this depth is +0.001 and for low 
stations it is — 0.001. 

The data given in the table on pages 107 to 110, which show the relation between the 
anomalies and the topography indicate that the depths 42.6 and 184.6 km. are not so near the truth 
as are intermediate values. They also seem to indicate that the value is probably over 100 km. 
It is realized by the author that this conclusion is contrary to that arrived at from the deter- 
mination of the most probable depth from the 216 stations by the method of least squares (see 
p. 123), which is 60 km. when the flattening, 1/298.2, is held fixed, or 70.9 km. when the 
flattening also is determined by the solution. It is belicved that the portion of the anomalies 
at coast stations due to the presence of the Cenozoic geologic formation with densities less than 
normal had a considerable part in making the depth from all the 216 stations as low as 60 km. 


GRAPHIC DETERMINATION OF THE MOST PROBABLE DEPTH OF COMPENSATION. 


According to the theory of probabilities the most probable depth of compensation is that one 
for which the sum of the squares of the residuals or anomalies is a minimum. The residuals are 
of course assumed to be due only to accidental errors, and hence are as apt to be positive as nega- 
tive. The values in the table on pages 103-105, in the columns headed g— (g,+12), 9—(g.+11), 
etc., were used in obtaining the sum of the squares of the anomalies for each of the depths. 

The sum of the squares is smaller for the smallest two depths of compensation than for the 
other depths given in the table. The equation of the curve which most nearly fits the sums of 
the squares for the different depths was derived and its minimum point comes at the depth of 
57.1 km. 

The sums of the squares for the several depths were also plotted on figure 5, and a curve 
was drawn through the several points. The lowest point on the curve falls between the depths 
42.6 km. and 56.9 km., and the value of the depth at the lowest point is 55.5 km., with an 
uncertainty from plotting and scaling of about 4 km. This value is only 1.6 km. from the 
minimum point of the curve as found above from its equation. 

A depth for the eastern half of the United States (east of the ninety-eighth meridian) was 
determined by plotting the sum of the squares on figure 6. The lowest point of the curve falls 
at a depth of 62 km. The uncertainty of the plotting and scaling is not more than about 4 km. 

Likewise a depth was determined for the western half of the United States, as shown in 
figure 7. Here the minimum point on the curve falls at the depth 48 km., with an uncertainty 
from plotting and scaling of about 4 km. 
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An analysis of the table giving the anomalies for the different topographic groups (see pp. 
107 to 110) makes it apparent that the results at those stations near but not on the coast and at 
those in the interior which are not in mountainous regions above the general level, are not more 
strongly in favor of one depth than any other. This fact causes the influence of the mountain 
stations above the general level to be less than the plains stations in a determination of the 
most probable depth of compensation where all stations are involved. This is due to the fact 
that there are only 20 stations in mountainous regions above the general level, while cere are 
169 stations in the groups mentioned above. 

As the mountain stations are more sensitive to a change in the depth of sompatiantion: it 
was decided to determine graphically the most probable depth from those stations alone, 56 in 
number. The resulting curve for these stations is shown in figure 8. The plotted points are 
the sum of the squares of the residuals or anomalies. . These are based on a value of gravity at 
the equator so derived from all stations in the United States as to make the mean anomaly for 
the United States zero. The depth determined from this curve is 104 km. which differs ma- 
terially from the depths obtained from the other three ourves (figs. 5, 6 and 7) which were 
between 48 and 62 km. | | 

An analytical solution of the problem was also made. In this solution the mean flattening 
was held fixed as in the graphica] determination, but the gravity at the equator was determined 
from the 56 stations themselves instead of from all the stations in the United States. The 
depth determined was 94.9 km., only 9 km, from the value obtained graphically in spite of the 
difference in methods and aciimpuons: 

It is interesting that the depths obtained by Hayford from deflections of the vertical in 
several groups (Nos. 14, 8, 7, and 4) of stations in mountainous regions are 84, 66, 152, and 
85 km. The value is 97 if a straight mean for the 4 groups is taken. This agrecs well with the 
values determined analytically from gravity data for mountainous regions, which for the 56 
stations is 94.9 km. 

The sums of the squares of the anomalies, for the several depths, for the 20 stations in 
mountainous regions above the general level were plotted on figure 9 and the minimum point 
of the curve drawn through the plotted points gives the most probable depth as 124 km. This 
value is only 20 km. different from the most probable depth obtained graphically from the data 
for all mountain stations. 

The values from the analytical determinations of the most probable depths of compensation 
from all of the stations in the United States, in the eastern half of this country, in the western 
half, and in the mountainous regions agree well with those from the graphic solutions dis- 
cussed above. See pages 113 to 131 for the analytical determination of the depth of compen- 
sation, the flattening of the carth, and the theoretical value of gravity at the equator. 

The stations not in the United States were not used to obtain the most probable depth of 
compensation, as the necessary data for them were not available. 

The author is inclined to favor the depth of 94.9 km. as being nearer the truth than the 
lower depths, and besides it agrees more nearly with the depth as obtained from deflections of 
the vertical by Hayford.¢ We may conclude that the most probable depth of the compensa- 
tion as derived from the gravity data is 94.9 km. 

It is believed that the value, 97 km., obtained by Hayford from deflections of the vertical 
in mountainous regions is nearer the truth for the average depth of compensation than his 
values 113.7 and 120 km. If the depth from gravity data and the depth 97 km. mentioned 
above are given equal weight the mean depth of compensation is 96 km. which the author 
believes is the best one available from all geodetic data. 

This value, of course, must not be considered as having extreme accuracy, for no doubt a 
depth determined from much more gravity and deflection data would be different. The author 
believes that future determinations of the depth from more extensive data will fall between 80 
and 130 km. 


« See Figure of the Earth and Isostasy from Measurements in the United States, and Supplementary Investigation in 1909 of the Figure of the 
Earth and Isostasy, J. F. Hayford, 1909. 
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FIG. 8—GRAPHIC DETERMINATION CF THE MOST PROBABLE NDEPTH OF COMPENSATION FROM 56 UNITED STATES 
STATIONS IN MOUNTAINOUS REGIONS. 


Special Publication No. 40. 


O19 


.018 


a 


O17 


.016 


O18 


receeeae 
oY Baier 
7 Eee See ee Soe 

: ie li 


Sum of Squares of Residua/s 


he 
Nol | ttt tT 


O13 


ll 
sa el GD a 
csc 
i 


Ol 


.O10 
30 40 50 60 70 80 90 100 WO 120 130 140 #150 60 t70) «#180 = 190 


Depth of Compensation in Kilometers 


FIG.9.—GRAPHIC DETERMINATION OF THE MOST PROBABLE DEPTH OF COMPENSATION FROM 20 UNITED STATES 
STATIONS IN MOUNTAINOUS REGIONS AND ABOVE THE GENERAL LEVEL. 
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CONSTANTS FOR THE GRAVITY FORMULAS AND THE MOST PROBABLE DEPTHS OF COMPENSATION 
DERIVED BY ANALYTICAL METHODS FROM GRAVITY DATA. 


The method of computing the factors by which the effect of topography and compensation 
was obtained for various depths of compensation, together with the computed effects of these 
changes of depth and the anomalies for the several depths are given on pages 97-106. The fol- 
lowing analytical solution was made to determine the constants for the gravity formulas and 
to determine the most probable depths of compensation. 

The formula for 7, the theoretical gravity at sea level in geographic latitude y, may be 
written in the form 

=7.(1+B sin? ¢—} B, sin? 2¢) (1) 


7. is the gravity at the equator at sea level, B and B, are coefficients, the former determined from 
gravity observations, the latter found theoretically by Darwin and Wiechert from the assump- 
tion that the internal strata of the earth have the same form as if they were completely fluid. 
Their results, based on different laws of internal density, agree in giving + B,=0.000007, which 
will be used throughout the publication. 
Helmert’s determination of the constants gives for his formula of 1901 on the Potsdam 
system 
: Vo = 978.030 (1 +0.005302 sin? g—0.000007 sin? 2¢) (2) 


If a value be assumed for the equatorial radius of the earth, the ellipticity or flattening of 
the earth, denoted by /, may be found from the formula, 


5 10 
fagn—B-(Fm cs -timB- 5 -3;B) (3) 
In this formula B and B, are the same quantities as in formula (1) and m is the ratio of the 


centrifugal force of the earth’s rotation at the equator to gravity at the equator, or 2. w is 


the angular velocity in radians, expressed in the time unit used in y,. Ais the equatorial radius of 
the earth expressed in the linear unit used in y,. Thesimple formula/f= om — B is known as Clair- 


aut’s equation. The above formula is derived from Helmert (Héhere Geodisie, Vol. II, p. 83), 
and may be termed Clairaut’s formula, extended to terms of the second order. The value of 


f= soa 3 was originally given by Helmert as derived from his formula of 1901. This is based on 
Bessel’s equatorial radius of the earth. A larger value of this quantity such as best represents 


ES" The value of A used in deriving the values from the 
gravity observations treated in this work is 6378388 meters, from Hayford’s “Supplementary 
Investigation in 1909 of the Figure of the Earth and Isostasy,” page 60. 

Equation (1) may be transformed into a shape somewhat more convenient for the purpose 


in hand, namely, 


modern observations gives f= 


=G—b cos 2 ¢+d cos’? 2¢ (4a) 
The significance of the constants of the new form artd the relations between them and those 
of the old are, . 
G=gravity at latitude 45°=+7,. (45 a 7. 
i 
2b = polar gravity minus equatorial gravity= 7, B 
d=} 7.B,, which to the degree of accuracy involved in the theoreti- 
cal developments for B, may, like B,, be considered as constant. 


Also 7¥.=G—b+d (4b) 
26 
as 8" G-b+4 ) 


59387°—17——8 
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Let the subscript zero affixed to G, B, and b denote those numerical values corresponding 
to Helmert’s formula of 1901, also G=G,+z2 and b=6,+y signify the values determined from 
the observations; x is the correction to gravity at latitude 45°, y is half the correction to the 
quantity, polar gravity minus equatorial gravity. 

en, 
G, = 980.61591 dynes and b, = 2.59276 dynes 


With these Helmert values, equation (4) becomes 
Yo = 980.61591 — 2.59276 cos 2 $+0.00685 cos? 2 ¢ (5) 
or with the corrections applied 
Yo = 980.61591 +2 — (2.59276+y) cos 2 ¢+0.00685 cos? 2 ¢ (6a) 


Let g be the observed value of gravity and g,’ the value of gravity computed from (2) or 
its equivalent (5), including corrections for elevation, topography, and compensation for a fized 
depth. 

Let n’=g—g,’ the gravity anomaly corresponding to formula (2) or (5). The value of 
gravity computed from the corrected formula is g,’+2—y cos 2 ¢ 

An observation of the general form is 

Observed value minus computed value= residual (v) 


whence 
g—-(G- +z—y cos 2 “t 


z—y cos 2 ¢—n’= —v 


(6b) 


or 


This is the form of an observation equation for a particular gravity station if the depth of com- 
pensation be considered fixed. 

If the assumed depth (¢) be considered subject to a correction (z), then n’ depends on z. 
To put the equation in linear form, let c be the rate of change with ragard to depth of the total 


correction for topography and compensation of the station in question or c= 29 since it is only 


through this correction for topography and compensation that g, is affected by a change in t. 

Then if g, be the computed gravity at a depth +z sufficiently near to the assumed depth ¢ 
Ic=9 ¢ +2 

and replacing g,’ in (6b) by this value of g, there results 


z—y cos 2 6+ cz—n’=—v (7) 
which is the form of observation equation when a corrected depth of compensation is to be 
determined. 

These observation equations are shown in the following table. Further explanations follow 
immediately after the table. 
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Observation equations for obtaining corrections to the coefficients of the gravity formula and to the depth of compensation. 


Double 
Station number latitude 
26 

e o 

) 7 iB [fv eee eee ee nae 37 «47.5 
| 5S RN ea ane poe ae 40 58.2 
§ Ine.... @eeeeecanansenenen 41 51.7 
$0 Ina................ 42 00.0 
BS Nos id een cates 42 27.9 
26 Ina............ eee. 42 36.7 
pS 1 Vann sertiae er ro 42 43.0 
BING. occ cccocsuesces 42 56.3 
60 ING goes eee cee 43 39.0 
CIN Go oo scseseccas ected 43 48.3 
13 Ing. ......... 1 eee 44 07.8 
OB Te ooh ee tees 44 11.0 
99 Ing................ 44 23.0 
72 1D Geccccwexscevcees 44 26.7 
73 ING... cc ccc cence 44 47.3 
iS 0 See ae 45 06.3 
37 Ina... wwe c cece ee 45 30.0 
84 Ino................ 45 33.4 
re 5 ot: eee a a 46 17.8 
106 Ing............... 46 22.0 
12 Ook cide cee evetas 46 31.9 
QUI oe ic Soe Sete 46 46.2 
TOP tihcese cies eced 47 03.2 
7's U8 fh ¢ eee ere eee a aoe nnn 47 39.8 
FG 0 erate 47 40.8 
OF ING... i cccewedees 47 43.6 
19 Inc. .... 22. ccc cwee 48 04.3 
451 Gas euc ca iweowas 48 14.4 
1416 2 oe tee 48 21.4 
16 Ui seo ee ek ees 48 25.3 
59 JO Go iccac deter ewes 48 31.3 
A ING oc scenadisnns 49 03.9 
ee ee ee 49 07.2 
SEAN Gi ciccutceeewed: 49 17.6 
65 Ima... ccc ccc ccc ceee 49 23.0 
QO Mes oceceoccre sacs 49 35.4 
96 Ina..... Ssaee hue aee 49 54.7 
62 10:6: oe eee ese 50 04.9 
GON Ge os soccer esse 50 34.1 
WOING a ceccacessusence 50 45.8 
103 In @..occiccdscece. 60 51.7 
5 Go A» WAeaeecieee ee Ea err 60 51.8 
42 ING. ca vieena een cus 50 54.1 
NS oecdeeewe ees eal un ess 50 56.8 
CIN Gis cde sccewae ewes 51 08.3 
PSN Gs goes udebes 51 09.4 
ee eee 52 00.4 
TS ING ice cewesawes §2 14.2 
KG Go ae el ee Per 52 27.9 
COIN Gi. occunwewees< 52 35.5 
40 ING. ccc ct cceewe 53 02.5 
LO) TNO occ ccies wants 53 23.6 
MAING cose cess 53 24.0 
ws aen ccdtaisencvatastlen ath or ats ord 53 25.6 
32 Ing... cee eee 63 29.9 
OF et coteweewse vee 53 52.4 
05 Ing... 2... eee 64 123 
Bn 6. occ cc ewscecns & 20.7 
TU AD Cock ce woes deweccs 54 «56.8 
158 Ossian sen diccteaatces 55 00.4 
Dees Seen 55 01.0 
B85 In Gi css cecnccse ices 65 13.7 
SAD Gs cchetied siete 65 47.1 
OF IM 6. os ses seeces cease 56 28.6 
BS i ess iecacak cee se 5 33.1 
30 Ing... week eee 57 06.1 
TOO neers ead ucee deed wets 87 13.4 
100 isi ecc cee seek wees &7 37.2 
LOL Sree eesaseceres 68 16.6 
is debe Gaia ddtstedanadtatse’ 58 36.4 
GAY ceccewecseete ees 59 01.8 
100 In 4............... 59 05.5 
sts LitchccesSeua atom seeavase 59 27.0 
03 In@.............8.. 59 44.7 
Gespeceetewswieeie ees 59 54.0 


@ This station is used only with near-by stations to give a single observation equation. See table of groups on p. 119. 
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Observation equations for obtaining corrections to the coefficients of the gravity formula and to the depth of compensation—Con. 
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INVESTIGATIONS OF GRAVITY AND ISOSTASY. 
Observation equations for obtaining corrections to the coefficients of the gravity formula and to the depth of compensation—Con, 
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This station is used only with near-by stations to give a single sbeereation equation. See table of 


ups on p. 119. 


, p. 120. 


b Station 87 enters solutions 1 and 4 as 8 part of group 3; solutions 2, 3, 6, and 8 as a part of group 9 
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Observation equations for obtaining corrections to the coefficients of the gravity formula and to the depth of compensation—Con. 
Houble Coefficient of— Constant term for solution number— 
Station number latitude 
a z y z 
e e 
10 M @ occeseswisteeces i ae ee Gee Cet 0 (ee! ee ee en eae Cee rs eee ees eee —3.2 
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a0 © .2dcescescsateseds 99 32.0; +1 £166 boewieseec| oes edecews — .9 2 Th ccccanewelooese eed se a a eee — .9 
82 C visiecdxevenecwwses 99 41.8) +1 108) loci csweecclesnwcece ss —1.5 ame 15S acceeescawelseweeeeenc|ae'eegheecs —1.5 —15 
MOC oe etedscuccavecs 99 44.6} +1 4 AGO | webecdeceslecewinse xs 0 12s 2 liccecuse vel aveateeees aacee ences .0 .0 
31C..... evrecseescevvcece 99 48. 8 +1 + .170 weeosecesvrelecceececcce + .l — ol acer aceeesileecesoscece +.l eeeececoceoe + .1 
S34 Ce eae weesiecwe ns 100 04.8 | +2] + 2175 J... .cnnnnfecccccenne — .2 JO Ns siwecess | Vow sadeeexlswsasanees — .2 — .2 
63 Cw snwiebaceenaweueve 100 46.9| +1 fe 1ST lec deawesdalieeeaw ence — .3 ami uO | cease eens slo aee aa eatelasecioneses — .3 — .8 
SO Cvdceccvcssawons es 101 21.4 +1 AST No ceescecedlsucas dees + .1 fe 7 lcccceseeveletesesaas«|Seeesascee + .1 + .1 
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re. See eer 101 31.4 +1 OO locas eweeaslotsecnsasal oveade twee socececwsn lee we edaus leongedee eels wee ses vel sewewsenes —1.9 
38 CO esi tues ees: 101 59.6] +1] + .208 |..........].......... +3.5 LD: eescrecseeleeesecssee seuseeuens +3.5 +3.5 
90 Cdisccciswccwnoress 102 05.4] +1] + .209 |..........].......... — .4 ate NO eee eeu ene tances ee elaine sicwnd — 4 — .4 
20. C Cs cere eeeeaens jt ee |e A oo) Os Ge Sey’ Ge ee bore ee —1.5 at ct! legen eran onlekesnsestslueeecicceinn —15 —1.5 
EC Go ood owkaeesieuas 102 31.5] +1 a2 leceace oaks paces tubes —1.0 Os O. Sec vada wesw esees aeecls meaeoeees —1.0 —1.0 
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6M Occ cctsevsccecess 103 40.0 +1 + . 236 eee ecececcslecscavesselececceccceleccceeeccsievrecesccccliscercesseceleccserveess(eooseocone —§.32 
e This station is used only with near-by stations to give a single observation a Vag ta 8ee table of groups below. 
d Station 106 enters alone only in solutions 1 and 4; as a part of group 3 C, p. 120, in solutions 2, 3, 6, and 8. 
ARRANGEMENT OF GROUPS. 
Coefficient of— Constant term for solution number— 
Group 
number Including stations 
F 4 7] g 1 2 3 4 5 6 7 8 
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| ae 1) pt ee +1] — .320 + .36 — .8 — .2 —-1.5 — .8 |.......... 6 eccuncaes — .2 
Bl icaccceess OS 69. 1 wt seees acess +1|/ — .306 + .64 —1.6 — .4 +2.8 |.......... —1.6 |.......... —0.4 — .4 
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Observation equations for obtaining corrections to the coefficients of the gravity formula and to the depth of compensation—Con. 
ARRANGEMENT OF GROUPS—Continued. 


Coefficient of— Constant term for solution number— 
Group 
number Including stations 
z y 2 1 2 3 4 5 6 7 8 
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The first column of the table on pages 115-119 contains the number of thestation. Numbers 
without any letters appended refer to the United States stations given in the list on pages 50-52; 
the numbers followed by the letter ““C”’ refer to the Canadian stations on page 54; the numbers 
followed by the letters “‘In’’ refer to the Indian stations given in the list on page 56; and the 
numbers followed by the letter ‘‘M’’ refer to the stations in the list. on page 57. 

The data in the above tables come from pages 50-60 and 103-105. All stations having 
anomalies numerically greater than 0.070dynehave been excluded. For convenience the unit of n’ | 
and therefore of the other quantities involved, has been taken as 0.01 dyne. The unit distance i in 
terms of which z is expressed in these equations is 28.4 km.; that is, the interval between the depths 
at which the various anomalies for stations in the United States are tabulated on pages 103-105. 
If the correction for topography and compensation be assumed to change uniformly with chang- 


ing depth of compensation, that is, if eno? is constant, then the value of c, with the units 


adopted, is the difference between the total corrections for topography and compensation for 
two depths differing 28.4 km., expressed in units of hundredths of adyne. An examination of the 
differences in the table on pages 100-102 will show that these are fairly constant, allowance being 
made for the effect of omitted decimals. When the observation equations were formed, these 
quantities carried to one more decimal place than is given on pages 100-102 were available. A 
specimen of such data is given in connection with station 195, Lander, Wyo., on page 99. From 
the data for this station the following mean rates of change, in the units adopted, are deduced: 

From 42.6km. to 56.9km. =2 (—3.62+3.70)=4-0.16 

From 56.9km. to 85.3km. = —3.28+3.62 =+0.34 

From 85.3km. to113.7km. = —2.754+3.28 =+0.53 

From 113.7 km. to 127.9km. =2 (—2.48+2.75)=4+0.54 

From 127.9km. to 156.25km.= —1.984+2.48 =+0.50 

From 156.25 km. to 184,6 km, —1.33+1.98 =+0.65 


Ml 
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A preliminary investigation indicated that the depths of compensation in nearly all solu- 
tions would fall between 56.9 km. and 85.3 km., or else very little below 56.9 km. The values 
of c used in the table of observation equations are therefore the mean rates of change between 
56.9 km. and 85.3 km. These c’s are to be used only in connection with solutions for which the 
depth of compensation is determined. In these solutions the constant term, — 7’, is based on a 
depth of 56.9 km. In the second solution for mountain stations, in which the resulting depth 
is 94.9 km., the anomalies for depth 113.7 km. and the corresponding c’s were used. These are 
not shown in the table of observation equations. 

In order not to give too great influence to a small region that might contain many gravity 
stations, the following arbitrary procedure was adopted. A solitary station having no other 
station within 1 degree of it, either in latitude or longitude, gave a single observation equation 
of weight unity. If a number of stations occurred so that their latitudes were all within 1 
degree of one another, and likewise their longitudes, these stations were made to constitute a 
group and the mean of the observation equations of the separate stations of the group was 
taken as the observation equation of the group, with weight unity. In taking this mean for 
the group, stations within a radius of 8 miles were treated as a single station by taking their mean, 
and giving the mean only the weight of a single station in averaging it with the other members 
of the group. An example of this is group 1, which contains stations 28, 29, and 30, which are, 
respectively, Worcester, Boston, and Cambridge. The mean of the anomalies at Boston and 
Cambridge is +0.013 dyne and this is given equal weight in combining with the anomaly at 
Worcester of —0.012 dyne, giving a final mean for the group of 0.000 dyne. In the list of 
observation equations, stations that are used only as part of a group are designated by a 
reference mark which refers to a footnote when the details of the grouping require special men- 
tion. The latter part of the list of observation equations is made up of the mean equations for 
the various groups. When the observations were combined into zones of latitude, the mean 
of a group was given the same weight as a solitary station, the group being assigned to a zone 
according to the average latitude of its component members. 

The normal equations were made up in the usual way. The probable error of z is found in 
the usual way from the solution of the norms! equations. The quantities 7., B, and f are func- 
tions of z and y. Their probable errors are found by methods given in standard text books 
on the method of least squares.* (See note, p. 98.) These methods all require a knowledge 
of the numerical values of the derivatives of the functions in question with respect to the 
unknown quantities of the observation equations. 

The formulas (partial derivatives), easily obtained from (4b) and (3) on page 113, and from 
the definitions of z and y near top of page 114, are 
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* For example, Wright and Hayford, Adjustment of Observations, p. 137, or Helmert, ‘‘ Die Ausgleichungsrechnung,”’ 2te auflage, p. 180. 

t z and y are independent of z, according to assumption, and therefore y,, which depends only on z and y, {s also independent of z; similarly for 
Band/f. Asa matter of fact, the redistribution of attracting matter implied in the correction for isostatic compensation will change somewhat the 
form of the level surfaces and the intensity of gravity. For the earth considered as a whole the change is slight. Prof. de Sitter (in the Koninklikje 
Akademie van Wetenschappen te Amsterdam, Proceedings of the Section of Sciences, Vol. XVII, pt. 2, p. 1295) makes some approximate mechanical 
quadratures and concludes that for the geoid as idealized by isostatic compensation to a depth of 114 km. 1/f/ will be 0.14 less than for the actual 
geoid. The effect on gravity at the equator is to make the idealized gravity greater than the true by less than 0.001 dyne. For smaller changes in 
depth the effects would be correspondingly less, and the assumptions made are ev dently not seriously vitiated. 
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These derivatives are so nearly constant that for the purpose in hand they could be com- 
puted once for all with average values of the quantities involved. 


It will be found that the flattening depends almost wholly on y, for ef is about —0.0000203 


(in the units used in forming the observation equations) as against 2 = —0.000000034. A 


change of unity (i. e., 0.01 dyne) in the value of z will appear only in the third decimal of 1/f, so 
if it is desired to hold the flattening unchanged in the determinations it will be sufficient to 
make y=0, or, if some other flattening be fixed on in advance, in the adjustment the corre- 
sponding value of y may be determined without regard to the possible change in z. This was 
done in solutions lc, 1d, and some others. 

In comparing various gravity formulas, which differ among themselves in every term, the 
most convenient single number to afford a basis of comparison is the mean value of y, over the 
unit sphere. The general expression for this is 


B 2B 
Mean value= ,(1 +3-T5 (11) 


In the case of the solutions given here this is equivalent to 
Mean value = 979.75485 +2—4y (12) 

z and y being expressed in dynes instead of in units of 0.01 dyne, as in the observation and 
normal equations. The mean values resulting from the various adjustments are given on 
page 129. | 

The set of solutions numbered ‘‘1”’ in the preceding table was derived from all stations 
situated in the United States proper, except No. 218, North Tamarack, Mich., for which the data 
were not available in time, and stations 53 and 56 in Seattle, Wash., which were excluded 
because of their large anomalies. In all these stations the constant terms are for depth 56.9 
km. and the z’s are corrections to that depth. In solution la each solitary station and each 
group of stations is given equal weight. The normal equations are 


1732 —34.572y + 42.172 — 182.3 =0 
— 34.5722 + 13.2991y — 11.86322 + 26.6250 =0 
42.172 —11.8632y + 26.3941z2— 46.181 =0 

From these z= + 1.2934, y= + 1.7989, 2= + 0.4918, and the formula for y, is 


Yo = 978.025 (1 + 0.005339 sin? ¢— 0.000007 sin? 2¢) 
+5 +11 


The depth of compensation is 70.9+10.0 km. and the reciprocal of the flattening is 301.4+1.0. 
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In solution 1b the stations or groups were assigned to seven zones and each station or group 
was given a weight inversely proportional to the number of stations and groups in the zone. 
This process must be substituted for the simpler one of using a mean equation for each zone, 
which would be practically equivalent if no depth of compensation were to be determined, 
because the c’s, unlike the other coefficients, vary widely within the zone. 

The boundaries of the zones are in latitude 31°, 34°, 37°, 40°, 43°, 46°, and 49°, the latter 
being the northern boundary of the United States. The zones are all three degrees in width, 
except the southernmost, which extends from station I (Key West, Fla.) in latitude 24° 33’.6 
to latitude 31° 00’. It was widened in order to include a sufficient number of stations to be 
representative. 

The normal equations are: 


7z —1.5606y + 1.74242 — 7.5950 =0 
— 1.5606z + 0.6498y — 0.54482 + 1.2431 =0 
1.74242 — 0.5448y + 1.05032 — 1.8980 =0 

From these z= + 1.3574, y = + 1.7233, z= +0.4490. The formulas for 7, is 


Yo = 978.026(1 + 0.005337 sin? ¢—0.000007 sin? 2¢) 
+5 +11 


The depth of compensation is 69.6 + 10.4 km. and the reciprocal of the flattening 301.3 + 1.0. 

The flattenings deduced from la and 1b are not supported by determinations from other 
methods, which would indicate that the assumed flattening of 1/298.2 is more nearly correct. 
It was therefore decided to hold the flattening at this figure. This may be done with sufficient 
accuracy by letting y =0. 

Using separate stations and groups, we have for solution 1c, by omitting the second equation 
in la and putting y=0 in the others, 


173z + 42.172 — 182.3 =0 
42.172 + 26.39412—46.181 =0 
From these z= + 1.0274, z= +0.1082, and the formula for y, 1s 


Yo = 978.040(1 + 0.005302 sin? ¢—0.000007 sin? 2¢) 
+1 


The depth of compensation is 60.0+9.5 km. 

This formula is referred to as the Coast and Geodetic Survey formula of 1916 for the United 
States. 

If the anomalies at stations in the United States were due only to erroneous values of the 
equatorial gravity and of the depth of compensation used in the computation of the theoretical 
gravity, then this formula would be perhaps the best obtainable from the data athand. But, asis 
shown on page 63, under the heading ‘‘ Relation between the gravity anomalies and the topogra- 
phy,” and on page 70, under the heading ‘‘ Relation between the gravity anomalies and the geologic 
formation,” the prevailing sign of the anomalies at stations on the seacoast and on Cenozoic 
formations is evidently due in part to some deviation from the normal of the densities in the strata 
of the upper crust which is systematic in its nature. The depth computed from the anomalies 
may be, and probably is, greatly influenced by this systematic effect. It is shown in other parts 
of this volume that a larger depth than 60 km. is probably nearer the truth. The equatorial 
value of gravity is not affected materially by the negative anomalies which predominate at the 
stations near the coast and in Cenozoic formation, as they are offset in great part by the anoma- 
lies in other formations which tend to be positive. (See pp. 70 to 78.) The anomalies (called 
the Hayford 1916 anomalies) based on the Coast and Geodetic Survey formula for 1916 for the 
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United States are shown in the table on pages 103-106 for purposes of comparison with the 
anomalies by the 1912 formula of the Coast and Geodetic Survey (called the Hayford 1912 
anomalies), which is based on the greater depth of compensation, 113.7 km. 

From other data a flattening of 1/297 has been determined. To use this flattening in deter- 
mining z and z (solution Id), put y = — 0.642 in the first and third equations of la. The resulting 


equations are: 
1732 + 42.172— 160.10 =0 


42.172 + 26.39412 — 38.565 =0 


From these z= + 0.9322, z= — 0.0286 and the formula for y, is 
¥o= 978.046 (1+0.005289 sin? ¢— 0.000007 sin? 2¢) 
+1 


and the depth of compensation is 56.1+9.7 km. 

In solution le the flattening is held at 1/298.2 and the stations are grouped by zones, as in 
solution 1b. 

The normal equations for le are: 


7z + 1.74242 — 7.5950 =0 
1.74242 + 1.05032— 1.8980 =0 
From these z= +1.0820, z= +0.0122, and the formula for y, is 


¥o= 978.041 (1 +0.005302 sin? ¢—0.000007 sin? 2¢) 
+1 


The depth of compensation 1s 57.2+9.8 km. 

The solutions numbered 2a and 2b include stations in the United States proper and the 
Dominion of Canada. No determination of the depth was possible, since no information as 
to the correction for topography and compensation of the Canadian stations was available for 
depths other than 113.7 km. In solution 2a each station and each group was given unit weight. 

The normal equations for this solution are: 


208z — 31.281y —96.1=0 
— 31.2812 + 13.808183y + 3.2079 =0 


From these z= + 0.6478, y= + 1.2351, and the formula for 7, is 


¥o= 978.024 (1 +0.005327 sin? ¢— 0.000007 sin? 2¢) 
+4 +9 


The reciprocal of the flattening 1s 300.4 + 0.8. 

Solution 2b is the same as 2a, except that zones were used as in 1b, though with somewhat 
different boundaries for the zones. 

The normal equations are: 


7z —1.32y — 2.676 =0 
— 1.322 + 0.56230y + 0.060917 =0 
From these z= + 0.6493, y= +1.4158, and the formula for y, 1s 


Yo= 978.022 (1+0.005331 sin? ¢—0.000007 sin? 2¢) 
a of +9 


The reciprocal of the flattening is 300.7 + 0.8. 


a In forming thesenormal equations the data used for the stations in Canada were those first communicated to theSurvey. Afterwards revised 
values were sent, which appear in the table of observation equations. The corrections are too slight to affect the result seriously. 
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In the solutions numbered 3a and 3b the anomalies are found by the free-air method of 
reduction (correction for elevation, but not for topography and compensation). The stations 
are the same as those in solutions 2a and 2b. In solution 3a each station and each group is 
given unit weight, and the resulting normal equations are: 4 


2082 — 31.281y — 161.1 =0 
— 31.2812 + 13.8082y + 52.8456 = 0 
From these z= +0.3018, y= — 3.1435, and the resulting formula for y, is 


¥o= 978.064 (1 +0.005238 sin? ¢—0.000007 sin? 2¢) 
+5 +12 


The reciprocal of the flattening is 292.6 41.0. 
In solution 3b each zone is given equal weight, the zones being the same as in solution 2b. 
The normal equations are: 


7z—1.320y — 5.563 =0 
— 1.3202 + 0.56230y + 1.954694 =0 
From these r= + 0.2498, y = — 2.8899, and the formula for y, is 


7¥o= 978.061 (1+0.005243 sin? ¢— 0.000007 sin? 2¢) 
+7 +17 


The reciprocal of the flattening is 293.0 + 1.4. 

In order to test the constancy of the depth of compensation in various regions, the stations 
in the United States lying east of the ninety-eighth meridian were treated scparately from those 
lying west of it. Solutions 4a and 4b are bascd on those stations east of the ninety-eighth 
meridian. In solution 4a each station and each group is given unit weight, and a depth of 
compensation, a value for the flattening, and the equatorial value are determined. The 
values of —n’ are for depth of 56.9 km. The normal equations for 4a are: 


1182 —26.723y + 26.212 —80.1=0 
— 26.7232 + 10.265y — 8.1672 + 17.691 =0 
26.212 —8.167y + 11.5052— 17.241 =0 


From these z= + 0.7100, y= + 0.0698, z= — 0.0695, and the formula for y, is 


¥o= 978.036 (1 +0.005303 sin? ¢— 0.000007 sin? 2¢) 
+6 +14 


The depth of compensation is 54.9+ 16.8 km., and the reciprocal of the flattening is 298.3 + 1.2. 
In solution 4b the conditions are the same as for 4a except that the flattening is held as 
1/298.2, the value resulting from Helmert’s formula of 1901. The normal equations are 


1182 + 26.212 —80.1=0 
26.212 + 11.5052 — 17.241 =0 


From these z= + 0.7004, z= — 0.0970, the formula for , is 


Vo = 978.037 (1+0.005302 sin? ¢— 0.000007 sin? 2¢) 
+2 


and the depth of compensation is 54.1414.9 km. 
The solutions numbered 5a and 5b are based on stations in the United States west of 
the ninety-eighth meridian, treated in a way similar to those used in solutions 4a and 4b. In 


@ See footnote on p. 124, 
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solution 5a each station and each group is given unit weight. The values of — 7’ are for depth 
56.9 km. The normal equations are: 


552 — 7.849y + 15.962 — 102.2 =0 
— 7.8492 + 3.0345y — 3.69672 + 8.9343 =0 
15.962 — 3.6967y + 14.8890z — 28.940 =0 


From these z= + 2.2099, y= +3.2312, z= +0.3772, and the formula for , is 


Yo = 978.020 (1 +0.005368 sin? ¢— 0.000007 sin? 2¢) 
+10 +22 


The depth of compensation is 67.6+12.9 km., and the reciprocal of the flattening is 304.1+42.0. 
In solution 5b the conditions are the same as for 5a except that the flattening is held fixed 
at 1/298.2. The equations, giving unit weight to each station and group, are 
552 + 15.962 — 102.2 =0 
15.96z + 14.88902 — 28.940 =0 


From these x= + 1.8784, z= — 0.0698, and the value of y, is given by 


Vo = 978.049 (1+0.005302 sin? g— 0.000007 sin? 2¢) 
+2 


The depth of compensation is 54.9+ 12.6 km. 

The solutions with scparate stations in mountainous regions gave greater depths than other 
solutions for other groups of stations in the United States, and as it is reasonably certain that 
the single-station method gives a better value of the depth than the group method, it was 
decided to make solutions for the stations in the United States west of the ninety-eighth meridian 
without groups; that is, by the separate-station method. In the first of the two solutions, called 
5c, the equatorial gravity, the flattening, and the depth of compensation were determined. 

The normal equations are 


64x —9.092y + 21.922 —127.1=0 
— 9.092z + 3.319338y — 4.549952 + 11.2513 =0 
21.922 — 4.54995y + 22.64222 — 53.946 =0 


From these x= + 2.2016, y= + 4.1200, z= +1.0790, and y, is given by 


Yo = 978.011 (1 +0.005387 sin? ¢—0.000007 sin? 2¢) 
+19 +21 


The depth of compensation is 87.5 +10.6 km. and the reciprocal of the flattening is 305.8 +1.9. 
In the solution 5d the flattening was held at 1/298.2. The normal equations are: 


6427 + 21.922—127.1=0 
21.922 + 22.64222 — 53.946 =0 


From these z= + 1.7503, z= + 0.6881 and 7, is given by 


Yo = 978.048 (1+ 0.005302 sin? — 0.000007 sin? 2¢) 
+2 


The depth of compensation is 76.4 +10.8 km. 

If the Canadian stations east of the ninety-eighth meridian be joined with those in the 
United States, no determination of the depth’of compensation is possible, since the only depth 
for which the corrections for topography and isostatic compensation are available for Canadian 
stations is 113.7 km. In solution 6 this depth is used and each station or group east of the 
ninety-eighth meridian in Canada or the United States is given unit weight. The normal 
equations are then 

1462—25.174y— 35.6 =0 
— 25.1742 + 10.455634y + 2.5569 =0 


@ Bee footnote on p. 134. 
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From these z= + 0.3448, y= + 0.5857, and the formula for 7, is 


Yo = 978.028 (1+ 0.005314 sin? ¢— 0.000007 sin? 2¢) 
+4 +11 


The reciprocal on the flattening 1s 299.2 + 1.0. 

Solution 7 is based on stations in the United States and Canada west of the ninety-eighth 
meridian. The depth is fixed at 113.7 km. and each station or group is given equal weight. 
The normal equations are 

627 —6.107y — 59.3 = 0 
— 6.1072 + 3.352549y + 0.8568 = 0 


From these z= + 1.1349, y= + 1.8118, and the formula for y, is 


¥o= 978.023 (1+0.005339 sin’¢— 0.000007 sin? 24) 
+8 +17 


The reciprocal of the flattening is 301.5 + 1.5. 

The solutions numbered 8a and 8b are based on all available stations in the world 
between the latitudes of station 179In, Bombay (India) and station 6 M, Scharfenstein (Ger- 
many). The only depth of compensation for which data are available is 113.7 km., and this 
has therefore been held fixed. Stations with an anomaly numerically exceeding 0.070 dyne 
based on Helmert’s formula of 1901 were excluded. It was found that 358 stations could be 
used. For solution 8a the stations and groups of stations were divided into 11 zones each 3 
degrees of latitude in width; the southernmost zone includes Bombay and extends to the 
twenty-second parallel. The other bounding parallels are the twenty-fifth, twenty-eighth, etc. 
All stations used in these solutions are in north latitude. 


Results for the individual zones. 
Number of Number of 
Bounding : Mean value Mean Bounding : Mean valuel M 
Zone. stations or ‘ Zone. stations or ean 
parellcls. groups. of —cos2¢ | anomaly. parallels. groups. of —cos2¢ | anomaly. 
: Dynes. . Dynes 
Poeksestotosiene tat 22 6 —0.748 | +0.0212 |] 7.0.2... cc eee eee 37-40 33 —0. 218 —0. 0014 
Bi ese ka cheese senses 22-25 14 — .680 OMG Bias ceva satieseese< 40-43 27 — .115 + .0069 
Diviieeeceenasiwescecen 25-28 13 - — .006 Die ews wiseeiwes eens 43-46 41 — .017 +. 
a iicisdsemecesbesess 28-31 17 — .510 fe ONS 10 Sensetiowcee een’ - 46-49 41 + .074 + .0108 
EE PEE ete ee 31-34 21 — 420 | — .0009 | Meese. ee 49-52 14 + .1 + .0056 
Gi siiesees Keene siseeciens 4-37 rs) — .32 + .00 


There is a total of 252 separate stations and groups of stations. Each zone was given unit 
weight. The normal equations that follow from these are 


1lz—3.381y—7.09=0 
— 3.3812 + 2.034353y + 2.57810=0 


From these z= + 0.5213, y= — 0.4008, and the formula for ¥, is 


Yo= 978.039 (1+ 0.005294 sin? ¢— 0.000007 sin? 2¢) 
+4 +12 


The reciprocal of the flattening is 297.4 + 1.0. 

The fact that the mean anomalies for some of the zones are based on comparatively few 
stations or groups of stations as compared with the other zones suggests that it would be of 
interest to weight each zone proportionately to the number of stations it contains. This process 
is (except for probable errors) almost exactly equivalent to that of giving each station and each 
group unit weight. With weights thus taken, the normal equations for solution 8b, are 


2522 — 52.855y — 149.1 =0 
— §2.8552 + 28.027y + 23 .9 =0 
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From these z= + 0.6829, y= + 0.4352, and the formula for 7, is 


Yo = 978.032 (1+0.005311 sin? ¢— 0.000007 sin? 2 ¢) 
+4 +11 


The reciprocal of the flattening is 298.9 + 1.0. 

On pages 63-67 is given a list of anomalies at stations in the United States computed from the 
United States Coast and Geodetic Survey formula of 1916; that is, forsolution 1c. This formula 
with depth 60.0 km. represents the observations somewhat better than the 1912 formula with 
depth 113.7 km. except for the 20 stations in mountainous regions above the general level, for 
which the average anomaly with regard to sign is +0.016 dyne by the 1916 formula. It is 
therefore natural to inquire what formula and what depth would fit those stations better. The 
effect of the change of depth on the computed compensation is large for these stations, so that 
a depth of compensation would be better determined from them than from an equal number of 
stations elsewhere. However, it seemed to be illogical to take only the stations above the 
general level and to exclude other stations in the same regions, perhaps within a few miles. 
Therefore the 36 stations in mountainous regions below the general level (see p. 108) were like- 
wise included in the adjustment. There is no separate column for the constant terms of this 
solution in the table of observation equations on pages 115 to 120. 

This adjustment was made in two ways. First the groups were broken up, each station 
being taken by itself, and only the 56 stations in mountainous regions were included. Second, 
where the stations occurred near together groups were used, just as in other cases. These 
groups included four stations not in mountainous regions. 

When the groups were broken up and each station was given unit weight the normal equa- 
tions for this solution (called 9a) became: 


562 —9.017y + 27.482—38.2=0 
— 9.0172 + 2.6091714y — 5.185052+ 1.6404 =0 
27.482 — 5.18505y + 18.72262— 15.279 =0 


From these z= +1.3506, y= +3.8278, z= —0.1061. The anomalies and the c’s in this solu- 
tion are computed for the depth of 113.7 km. and the z is a correction to that depth. The re- 
sulting formula for 7, is 


Yo= 978.005 (1+ 0.005380 sin? ¢— 0.000007 sin? 2 ¢) 
+14 +31 


The reciprocal of the flattening is 305.2 42.9 and the depth of compensation is 110.7+20.3 km. 
Solution 9b is based on the same data, but the flattening was held fixed at 1/298.2. The 
normal equations for solution 9b are 


562 + 27.482 — 38.2 =0 
27.482 + 18.72262— 15.279 =0 


From these z= + 1.0066 and y= — 0.6613. The formula for y, is 


Yo= 978.040 (1 +0.005302 sin? ¢— 0.000007 sin? 2 ¢) 
+4 
The depth of compensation is 94.94 19.7 km. 
When the usual groups are taken, the normal equations for the solution (called 9c) are 


44z —6.879y + 19.252— 64.9 =0 
— 6.8792 + 2.056157y — 4.234572 49.057 =0 
19.252 — 4.23457y + 16.26412— 29.779 =0 


From these z= + 1.5433, y= +1.6542, z= +0.4350. The anomalies and c’s in this solution 
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are computed for the depth 56.9 km. and the z is a correction to this depth. The resulting 


formula for y, is 
Yo = 978.029 (1 +0.005336 sin? ¢— 0.000007 sin? 2¢) 


The reciprocal] of the flattening is 301.2, and the depth of compensation is 69.3 km. 
In solution 9d the flattening is held fixed at 1/298.2 but the remaining conditions are the 
same as in the solution 9c. The normal equations for solution 9d are 


ddr + 19.252— 64.9 =0 
19.252 + 16.26412— 29.779 =0 


From these r= + 1.3977, and z= +0.1766. The resulting formula for y, is 
Yo = 978.044 (1 + 0.005302 sin? ¢— 0.000007 sin? 2¢) 


and the depth of compensation is 61.9 km. 

It is evident that the method of grouping high and low stations in forming the equations 
destroys the peculiar sensitiveness of the high stations to a change in depth. Therefore the 
values of the depth by the group solution (9c) should not be considered as having a strong 
weight as compared with the values of the depth by the single-station solution (9b). 

The author believes that the depths derived from the single-station solution for moun- 
tainous regions are nearer the truth even for the whole United States than any other depth 
determined from other groups of gravity stations. (See p. 112.) The solutions of separate 
stations in the western part of the United States give values for the depth of compensation 
which are greater than for other solutions except those mentioned above. The stations in 
the West are, in general, either in mountainous regions or on high plains. 

The results of the foregoing solutions are summarized in the following table, which also 
contains some additional items of information, namely, the mean value of gravity and the 
probable error of an observation of unit weight. Except in the column for the mean value of 
gravity and in the lines for solutions 9c and 9d the presence of a value for the probable error 
of a quantity indicates that the quantity in question was determined by the solution itself, and 
the absence of a value for the probable error indicates that the quantity was fixed in advance. 


Constants of the gravity formulas and related quantities as derived from the various solutions. 


Probable error 


Equatorial Cc Mean value of 
: : F oofficient of , Reciprocal of _ Depth of com- | of an observa- 
Solution: Ne. i oe Bren: sing, er pn the flattening. | pensation, tion of unit 
ys ° | weight. 
Dynes. Dynes. | km Dynes. 
TS noi ieee ceatacew la ees eaten ews anes whee wean 78.025+ 4.9 | 0.005339411.5 979, 762 301.44+1.0— 70. 9410.0 +0. 0133 
DD ircadeie ve ads Saves eo eeieb ad MeN woven ees 978.0264 4.6} .005337410,7 Y7TY. 763 301.341.0 6Y. 6410. 4 a+ .WU27 
1G 26 bie ol oe Cavers Saab awa nse eee Reeders es 978.0404 1.3 |. 005202 79. 765 2Y8. 2 i 60.04 8.5 + .O145 
Ls ficial Cannas oie tea eee ee eha oleae amind 978.0464 1.3 5° . 005289 OT, TH 297.0 56.14 9.7 + .O137 
bOG 2 ieue Veasokn Sieee esa deere se Scie 978. 0414 1.3 i 00502 979. 706 298. 2 o7.2+ 9.8 a+ .WU27 
Og 65 2 lee beds ta deevee Cowles be Cebu ereeea€ O78. 0244 3.9 > .005327+4 9.0 979. 757 300. 440.8 113.7 + .0133 
QO aie os eee to te hea ee aecaheeeeee 978. 0224 3.7 | . 0053314 9.2 979. 757 300. 740. 8 113.7 ay .0U25 
BA Sos aeel Oe dg a eed Ree vemtabWee sagewes 978.0644 5.1 .005238412.0 979. 768 202, 6415 OF nc aiiewch canes + .0176 
Oe hostteseneceuct ace ee est ee 978.0614 6.8 | . 005243 + 16. 6 979, 187 D005 Aloe. d cose ca dens a+ .0045 
Waar ctu tcuateateenteeae tee thu scuee ee esos 978.0364 6.1  .005303414.1 979. 762 208.341.2 54.94 16.8 + .0126 
BD ue rcdic hinted untae ase coedede 078.0374 1.6 | 005302 979. 762 2y8. 2 o4.1414.9 + .0125 
Whine ues eau tuind eoeinlee ici waiver ie ae 978.0204 9.7 | . 005368 + 21. 6 979. 7 304.142.0 67.6412.9 + .0138 
UDGidereidddaer ae tagtae elu satewieecekiess O78. 0404 2.3 | .005302 979, 774 Quy. 2 54.9412. 6 | + .O0142 
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STATEMENT CONCERNING THE VARIOUS SOLUTIONS THE RESULTS OF WHICH ARE GIVEN IN THE 
ABOVE TABLE. 


In the solutions in which separate stations and groups of stations were used, each separate 
station and each group of stations was given unit weight. 
In the solutions in which the stations were taken by zones, each zone was given unit weight, 
except in solution 8b. 
UNITED STATES STATIONS, SOLUTIONS 18 TO le. 


la. Separate stations and groups of stations were used in the determination of equatorial gravity, the flattening and 
the depth of compenaation. 

lb. Zones were used in the determination of equatorial gravity, the flattening, and the depth of compensation. 

lc. Separate stations and groups of stations were used and the flattening was held fixed at 1/298.2 in the determina- 
tion of equatorial gravity and the depth of compensation. 

ld. Separate stations and groups of stations were used and the flattening was held fixed at 1/297 in the determina- 
tion of equatorial gravity and the depth of compensation. 

le. Zones were used and the flattening was held fixed at 1/298. 2 in the determination of equatorial gravity and the 
depth of compensation. 


UNITED STATES AND CANADIAN STATIONS, SOLUTIONS 2€ AND 2b. 


2a. Separate stations and groups of stations were used and the depth was held fixed at 113.7 km. in the determina- 
tion of equatorial gravity and the flattening. 

2b. Zones were used and the depth was held fixed at 113.7 km. in the determination of equatorial] gravity and the 
flattening. 


UNITED STATES AND CANADIAN STATIONS BY THE FREE-AIR METHOD OF REDUCTION, SOLUTIONS 3&8 AND 3b. 


3a. Separate stations and groups of stations were used in the determination of equatorial gravity and the flattening. 
3b. Zones were used in the determination of equatorial gravity and the flattening. 


UNITED STATES STATIONS EAST OF THE NINETY-EIGHTH MERIDIAN, SOLUTIONS 48 AND 4b. 


4a. Separate stations and groups of stations were used in the determination of equatorial gravity, the flattening, and 
the depth of compensation. 

4b. Separate stations and groups of stations were used and the flattening was held fixed at 1/298.2 in the determina- 
tion of equatorial gravity and the depth of compensation. 


UNITED STATES STATIONS WEST OF THE NINETY-EIGHTH MERIDIAN, SOLUTIONS 5a TO 5d. 


5a. Separate stations and groups of stations were used in the determination of equatorial gravity, the flattening, and 
the depth of compensation. 

5b. Separate stations and groups of stations were used and the flattening was held fixed at 1/298.2 in the determina- 
tion of equatorial gravity and the depth of compensation. 

5c. Separate stations only were used in the determination of equatorial gravity, the flattening, and the depth of come 
pensation. 

5d. Separate stations only were used and the flattening was held fixed at 1/298.2 in the determination of equatorial 
gravity and the depth of compensation. 


UNITED STATES AND CANADIAN STATIONS EAST OF THE NINETY-EIGHTH MERIDIAN, SOLUTION 6. 


6. Separate stations and groups of stations were used and the depth was held fixed at 113.7 km. in the determination 
of equatorial gravity and the flattening. 


UNITED STATES AND CANADIAN STATIONS WEST OF THE NINETY-EIGHTH MERIDIAN, SOLUTION 7. 


7. Separate stations and groups of stations were used and the depth was held fixed at 113.7 km. in the determination 
of equatorial gravity and the flattening. 


STATIONS IN THE UNITED STATES, CANADA, SWITZERLAND, INDIA, ITALY, GERMANY, AND AUSTRIA, SOLUTIONS 8& AND 8b. 


8a. Zones were used, the zones having equal weight, and the depth was held fixed at 113.7 km. in the determination 
of the equatorial gravity and the flattening. 

8b. Zones were used, the zones weighted according to the aggregate number of stations and groups in a zone, and the 
depth was held fixed at 113.7 km. in the determination of equatorial gravity and the flattening. 
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UNITED STATES STATIONS IN MOUNTAINOUS REGIONS, SOLUTIONS 98 TO 9d. 
9a. Separate stations only were used in the determination of equatorial gravity, the flattening, and the depth of 
compensation. 
9b. Separate stations only were used and the flattening was held fixed at nee 2 in the determination of equatorial 
gravity and the depth of compensation. 
9c. Separate stations and groups of stations were used in the determination of equatorial gravity, the flattening, and 
the depth of compensation. 
9d. Separate stations and groups of stations were used and the flattening was held fixed at 1/298.2 in the determina 
tion of equatorial gravity and the depth of compensation. 
For complcteness and for comparison with the above formulas for the intensity of gravity 
there is given here Helmert’s most recent formula. With probable errors attached it reads: 


Jo = 978.052[1 + 0.005285 sin?¢ — 0.000007 sin? 2¢ + 0.000018 cos’¢ cos2(A + ie 
+3 +5 +3 +4 


in which ¢, as usual, is the geographic latitude and J is the longitude from Greenwich, east longi- 
tude being positive. The formula corresponds to a spheroid with three unequal axes, the shorter 
equatorial axis being in longitude 73° east from Greenwich and the longer, which exceeds the 
shorter by 230 m., in longitude 17° west of Greenwich. The reciprocal of the mean polar 
flattening is 296.7+0.4. The mean value of gravity over the sphcre is 979.771 dynes. The 
formula is based upon 410 stations in all parts of the world selected for being neither too near 
to the coast nor to mountainous regions and upon certain coast stations which were given 
reduced weight. The coefficient of sin? 2¢ is based on theory. (See p. 113.) The coast 
stations were used in determining all other constants except the first one, which from coast 
stations alone had the special value of 978.068 dynes. The precise number of coast stations 
is not given. The formula, when the first coefficient is used as 978.052, represents gravity 
reduced by the free-air method for stations in the interior and not in mountainous regions. 
No tests have yet been made to determine how well this formula represents gravity in the 
United States. 


HELMERT’S DEPTH OF COMPENSATION FROM GRAVITY OBSERVATIONS, 


Helmert derived a depth of compensation of about 120 km. from data for 51 selected 
coast stations distributed throughout the earth’s surface. He used in his determination the 
differences between the observed values of gravity reduced to sea level by the free-air method 
and the valucs at sea level computed by his 1901 formula. The observed values were in general 
considerably greater than those computed. 

The stations were arranged in several groups, each group containing the stations in some 
special type of topography, and a depth was derived from the data for each group, namely, 
that depth for which the correction for topography and isostatic compensation would account 
for the mean observed free-air anomaly of the group. For group 1 it was 107 km., for group 
2 it was 124 km., and for groups 3 and 4 together 123 km.; the mean value was 118 km. 

If the free-air method of reduction is used, Helmert’s formula of 1901 should represent, on 
the average, gravity at stations in the interior, not in mountainous regions. But for stations 
in this class in the United States the average anomaly (free air) is +0.009 dyne. (See p. 67.) 
If the equatorial constant were increased to 978.039 to represent this class of stations 
better, the anomalics of the coast stations would be correspondingly reduced and the depths 
indicated would be: Group 1, 80 km.; group 2, 89 km.; groups 3 and 4 together, 78 km., 
with a mean of 83 km. Helmert’ S 1915 formula indicates that gravity in the United States 
is slightly below normal, for according to the formula minimum gravity occurs in longitude 
107° west, and if allowance were made for this the previous correction of +0.009 dyne would 
be further increased and the resulting depth further diminished. A rough estimate of the 
effect of using Helmert’s 1915 formula may be obtained by noting that according to it 

a Sitzungsberichte der Kdniglich Preussischen Akademie der Wissenschaften, No. 41 (1915), p. 676, entitled ‘“‘Neue Formeln {tir den Verlauf 


der Schwerkraft in Meeresniveau beim Festlande.” 
» Encyclopddie der Mathematischen Wissenschaften Band VI 1B, Heft. 2 Die Schwerkraft und die Massenverteilung der Erde, p. 140. 
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average gravity over the unit sphere is 0.016 dyne greater than according to his 1901 formula. 
If the anomalies in each group are diminished by 0.016 dyne, the depths implied are: Group 1, 
62 km.; group 2, 64 km.; groups 3 and 4 together, 46 km., making the mean 58 km., which is 
about the value found by the various solutions for the United States, except the solution from 
the 56 stations in mountainous regions. This 58 km. by Helmert’s method is of course based 
on anomalies at coast (and probably largely Cenozoic) stations, which, as is indicated in other 
parts of this volume, are subject to systematic errors due to smaller densities than normal in 
the upper strata of the earth’s crust. While the value of 58 km. agrees well with the depth 
given for the Coast and Geodetic Survey formula for 1916 for the United States, it should not 
necessarily be considered as being nearer the truth than the greater depths. 


Chapter [IX.—SUMMARY. 


The group of publications of the Coast and Geodetic Survey dealing with deflections and ° 
eravity values shows that isostasy exists in a form nearly perfect in the United States as a whole, 
also that there is nearly perfect isostasy in areas which form comparatively small percentages of . 
the area of the entire country. 

The conclusions which may be drawn from the investigation reported in this volume sub- 

Stantiate to a great extent the conclusions arrived at from previous investigations. This is an 
important fact, for 70 per cent more gravity station3 in the United States were used at this time 
than in the preceding gravity investigation and many stations in Canada, India, and Europe, 
for which data were available, were also used. 

The depth of compensation was derived from the 216 stations in the United States and was 
found to be 60 km. When the stations were divided into different groups, other depths were 
obtained. They agreed in general with the value determined from all of the stations. An 
exception is in the case of the stations in mountainous regions, 56 in all. The values of the 
depth of compensation determined from these are 111 km. and 95 km. on two somewhat different 
assumptions. Owing to the fact that at stations in mountainous regions above the general level 
the values of gravity are very sensitive to a change in depth, it is believed that the value of the 
depth determined from the stations in mountainous regions has greater strength than the other 
values. ¢ | 

The author believes that the best value for the depth of compensation is the mean of the. 
Hayford value? of 97 km., which was obtained from deflection data at stations in mountainous 
regions and the value of 95 km. derived from gravity data at stations in mountainous regions. 
This mean 1s 96 km. The author believes that future values of the depth of compensation de- 
rived from much more extensive data will fall between 80 and 130 km. (See p. 112 and fig. 8.) 

For the United States there was found a decided relation between the sign of the Hayford 
gravity anomalies and the coast. The reason for this is explained in the following paragraphs. 
There was no relation found between the sign and the size of the Hayford anomalies and any 
other class of topography. There were found the usual relations between the elevations of the 
stations and the gravity anomalies based upon the Bouguer and the free air methods. (See 
p. 61 and figs. 13 and 14.) 

Decided relations were found in the United States and in India between the sign of the 
gravity anomalies and the Cenozoic geologic formation. The anomalies at stations located on 
this formation tend to benegative. In the United States a number of the Cenozoic stations are 
located on or very near the coast. As stated above, there appeared to be a relation between 
the gravity anomalies and the coast. This is probably explained by the presence of the very 
light material of the Cenozoic formations, which is present along nearly all the Atlantic and Gulf 
coasts of the United States. Itseems probable that the negative anomalies at Cenozoic stations 
are in large part due to the presence of subnormal densities in the upper crust below sea level. 

There were found decided relations between the pre-Cambrian, Paleozoic, and Mesozoic for- 
mations and the sign of the gravity anomalies for the area of the United States. No very defi- 
nite relations were observed in Canada and in India. (See pp. 70-84.) 

It was found as a result of certain computations and investigations that local distribution 
of the compensation of a topographic feature is in general nearer the truth than regional dis- 
tribution of the compensation out to the outer limit of zone O (167 km.). Itisnot clear whether 
local distribution is more probable than the regional distribution out to the limit of zone M 
(59 km.). (See pp. 91 and 92.) 


o From A Supplemental Investigation in 1909 of the Figure of the Earth and Isostasy. 
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The difference in the anomalies at two stations which are close together horizontally, but 
which have a large difference in the elevations, seemed to indicate some error in the height 
formula used to compute the correction to gravity for the elevation of the station above sea 
level. A careful study of the matter showed no error in the formula, but it seemed to indicate 
that the difference in the anomalies could result from the combination of several causes no one 
of which could alone make the difference. (See pp. 93-96.) 

The best formula resulting from this investigation with which to obtain the theoretical value 
of gravity at any latitude in any part of the world was derived from 216 stations in the United 
States, 42 in Canada, 73 in India, and 17 in Europe, 348 stations in all. (See solution 8a, p. 127.) 
For each of these stations the reduction for topography and isostatic compensation had been 
made by the Hayford method, using the same or very similar tables to those in Special Publi- 
cation No. 10. 

The formula is 


Yo = 978.039 (1+0.005294 sin? ¢— 0.000007 sin? 2¢) 


in which y, is the value of gravity sought and ¢ is the latitude of the station. 

The first term of the formula is the theoretical value of gravity at the equator. From the 
constants of this formula was derived a value for the reciprocal of the flattening of the earth, 
which is 297.4. This value of the flattening is very close to other values recently derived from 
geodetic data in the United States and elsewhere. In the author’s opinion it may be considered 
as at least equal in strength to any other value derived from geodetic data. It is only 0.4 larger 
than Hayford’s best value from deflections, 297.0. It is only 0.8 less than Helmert’s value 
of 1901, and only 0.6 lower than the author’s value of 1912. Itis only 0.7 larger than Helmert’s 
value of 1915. r 

The values of the terms in the other gravity formulas and for other depths of compensation 
are of interest and value as showing how conditions may be different in different parts of the 
country. The table of values shown on page 129 is remarkable in showing values which are so 
accordant although derived from data under different conditions and in different areas. 

If we assume that all the differences between the observed and computed values of gravity 
in the United States are due to errors in the assumed equatorial gravity and the depth of com- 
pensation, then the most probable gravity formula derived from data in this country alone is 


Yo= 978.040 (1+ 0.005302 sin? ¢— 0.000007 sin? 2¢) 


and the derived depth of compensation is 60 km. The equatorial value of gravity in this 
formula agrees well with the world formula. It is from this formula that the 1916 Hayford 
anomalies were computed. 

From the various evidence it may be concluded that the average depth is probably greater 
than 60 km. As stated above, it is probably not far from being 96 km. 

The cause of the greater part of the anomalies is believed to be in general the deviation 
from normal in the densities in the upper crust probably not far below sea level. 

The study of the tables and maps accompanying this volume will convince one that in the 
regions considered the deviation of the earth’s crust from a state of perfect isostasy is slight, 
even for areas of comparatively small size. 

The evidence near Seattle, Wash., Minneapolis, Minn., and Washington, D.C., is conclusive 
that the cause of an anomaly is not regional in extent. If it were, the anomalies which are close 
together would not show such changes in sign and size. 

A problem presents itself to the geodesists of the world which can be easily solved. It is 
that each nation reduce its own gravity stations for topography and isostatic compensation by 
some rational method and publish the results. It will be well if the same system is employed 
by each nation, and to this end the International Geodetic Association will no doubt gladly lend 
its aid. If this work were done, the results would be of very great value to many branches of 
science. 
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PART II.—SUMMARIES OF GRAVITY OBSERVATIONS AND 
DESCRIPTIONS OF STATIONS. 


wd 
CHAPTER I.—ABSTRACTS OF RESULTS. 


In this part of the volume are given the abstracts of the observations made at the base 
station in the office of the United States Coast and Geodetic Survey at Washington, D.C., and 
at the field stations in the United States established in 1909 and later years, for which similar 
data have not already been published in the various reports of the Survey. There are also 
given the descriptions of all the stations. 

An index on page 187 gives the names of the stations and the pages of the various publica- 
tions in which gravity data may be found. 


STANDARDIZATION OF THE PENDULUMS AND METHODS OF OBSERVING USED IN THE FIELD. 


As is stated on page 49, the pendulums were standardized at the Washington station 
before and after a ficld season or between two seasons which were not long separated in time. 

Usually the mean of the two values of the periods of a pendulum determined at the base 
station before and after a scason’s field work was used in the determination of the relative 
intensity of gravity at the ficld stations. An exception to this general rule occurred when it 
was found, after the season extending from June to December, 1909, that the periods of the 
pendulums had been affected between standardizations by a film of foreign substance, which 
had accumulated on the agate planes of the pendulums. Upon the removal of the film the 
pendulums resumed nearly their former Washington periods. (See p. 141.) 

Beginning with the standardization of the pendulums in 1912, each of the pendulums had 
its period determined each time by swinging it continuously between consecutive determina- 
tions of the chronometer corrections. This plan has been followed since that time, both at 
the base station and in the field in establishing new stations. The previous custom had been 
to swing all of the pendulums of a set during the interval between two determinations of 
the chronometer corrections. It was only occasionally that more than two determinations of 
the chronometer corrections were made at a station. 

Each of the pendulums of a set is now swung for at least 24 hours in three periods of 8 
hours each, while previously each pendulum was swung for only 16 hours at a station in two 
periods of 8 hours each unless unfavorable weather prevented time observations on the stars 
at the end of the 48-hour period. In the earlier work the variation in the rate of the chronom- 
eters would occasionally make a large range in the values of the gravity at a station determined 
by the separate pendulums, but the mean of all the values was free from the effect of change 
in rate. 

In the present method, where the period of a pendulum is obtained from separate time 
determinations, the result for any one pendulum is not affected by variation in the rate of the 
chronometers. 

ABSTRACTS OF RESULTS. 


In the table on pages 144-176 are given the pendulum observations and reductions for the 
stations in the United States which were determined in 1909 and later years. Similar data 


for the stations established before that year are given in other publications of the Survey, 
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which are indicated in the index on page 187. The number of a station is the same as was 
used in the various tables and the discussion in Part I of this volume. (See especially the 
table on pp. 50-52.) 

The tables need little explanation. Under the heading ‘Total arc” are given the values 
of the arc through which the pendulum oscillates at the beginning and at the end of a period 
which is usually about 8 hours long. The period given has been corrected to reduce to an 
infinitesimally small arc. 

The standard temperature is 15° C., and a correction is applied to the period for any devia- 
tion of the observed from the standard temperature. The standard pressure of the air in the 
pendulum case is 60 mm. of mercury. A correction must also be applied for deviations of the 
pressure from the standard. 

Finally there is the correction for flexure. This is necessary hecatee the force of the 
pendulum in motion makes a sympathetic swinging of the pendulum case and its support, 
and this in turn reacts on the pendulum and affects its period. The flexure is determined by 
means of the interferometer, which is described in Appendix 6 of the Report for 1910. The 
flexure of the case and its support makes the period too long, and consequently the correction 
necessary to reduce the period to what it would have been in a rigid structure is negative. 

It will be noticed that the period of a pendulum is determined by its comparison with each 
of two chronometers. This is done to avoid mistakes and to make the effect of accidental 
errors smaller. 

The comcidence interval, as its name suggests, is the time which elapses between two 
consecutive coincidences between the beat of the chronometer and the swing of the pendulum. 

The pendulums were swung in the direct position in all cases, both at the base stations and 
in the field. This fact is indicated in column 3 of the tables. The pendulums are designated 
as A4, A5, and A6 in one set and B4, B5, and B6 in the other. The pendulums used are indi- 
cated in the second column. 

The tables do not state whether there were local time observations or comparisons of the 
chronometers with the noon signals sent out from the Naval Observatory over the commercial 
telegraph lines (The Western Union and Postal Telegraph Companies). It is evident, however, 
from the data in the columns of corrections for rate that there was such a determination between 
the two swings where a change in the rate corrections occurs. If the rate corrections at a sta- 
tion are the same for each swing, then there were only two determinations of the chronometer 
corrections at that station, one at the beginning and the other at the end of the entire set of 
observations, as it is quite unlikely that the computed rates during two intervals between 
three different time comparisons would come out exactly identical. 

During the first season of 1909, the season of 1914, and the first season of 1915 pendulum 
B4 showed great changes in its period. Careful inspection of the pendulum failed to discover 
any cause for this. It was finally decided to strengthen by an additional rivet the connection 
between the stem and the bob; after this was done no further trouble occurred. 

There is given below a summary of the periods at the base station of the six United States 
Coast and Geodetic Survey pendulums. These periods were used in computing the relative 
intensity of gravity at the ficld stations. 
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Summary of periods of pendulums resulting from standardizations at the base station, Coast and Geodetic Survey Office, 
Washington, D. C. 


Fee eee e eee ee 
‘tf 

i 
‘4 \ 


Date Mean periods Observer 
os l | aso at® "ee y= i) «fhe 
Ads! AS A6 , Ba. BS B6 

VANNOPY; F000 5 eS att ok Marie ee coe ae aad | 0.500893 , 0..5008615 | 0. 5006240 0. 5008001 | 0.5007230 | 0.5007031 | W. H. Burger 
CATES CORD (|S Mean ar ene Re Ete serene rc URC ID COE RIeD ose SVOEIEE ae | SOUN6S .5006612 4 5006251) 50082295. 5007212 |. SUUTOSE Jo. 
NOVGUIDER, LOO 2 oi cision iar ciewinlies ene sews ae Susan ow be ~ 6008420 » UG 61 OUQOS: ike ere oe os vanes oe eee Sevens Do. 
econ Wer, 1900-4654 sc atu cotta yew iee Ces aewee es | ~ 5008362 5. 3006595 | a. 5008248 . 5008257 . 5007220 - 9007040 Do. 

DG ilccse ie a heed teas sade see Ru sahara utea, . SOUSSHS ~ 5006592 | 6, 50062384 1.2... eee eee alutaelaisiaticis Suall a ebchet Riese toes Do. 
MEAY TOO i eisai a deta cei yrs ieee cares | » HOOS353 » FOOG588 OOG28S iohnada names Races Phawees link oie euses Do. 
(CLODET 1910 vad ope te es as ae Mr en Se Bee te /AVOSS4S |. 5005802 1006257 - 5008246 - 07220 5007016 | H. D. King. 
VUNG ISI coe eacensteaten tone eideneeed pees a tee eees _ . SUOSNSTA JSOOG6IS |G, 5006205 fo... eee. ee ens errr eee T. L. Warner. 

WOveu ett cuerisia ves eth h eee ha eee pie ieaa Rees | » HOOSSHO  HM22 |G. S00G280 0.02... scale Ss ok et ecittis Sah bee | ahaa eee ar Jo. 
DANUBE 1G IDL etcetera ot were eee teoieieta nee i OUSS92 |. 5000635 » SOUG286 - 5008126. 5007232 . 5007042 Do. 

| 
SUNY OTE occlu vetea etn tet inact bees sabwecsy |, 8008377). 5006623 | 5. 5008287 ||. 5008117) = «5 5007225 | 6. 5007026 | C.L.Garnerand 
on J.D. Powell. 

D@iece eee a SP ae othe Bein ae eer ee ees | - SNOSBND . 5006639 ¢, 5006272; . SOORLI9 . 5007228 ¢. HOOT) Do, 
JONUBCY, 101 Gie ete Se A ee ee ee ee i ek res ok weet ONSTS » 006620 HOSS 1. BOOST TS . 5007210 . 007023 Do. 
DLV TOO oieie ea teed ene Pea oens ts ated eo eet 1, 5008379 5006829 |. SOOK2TS ~ WOS289 ~ 5007207 . OOTOI3 Do. 
January, 1916......20.000 00.0.0 cece cence cence cece eeeen |. SOOS392— 500K]. 006301 ©. 5008292. 5007209 |. 5007014 Do. 

Matic: fate cane. se haeneoenssexatie eect | 5008359 50OGEIS | 6906262 | 5007219 |. 


a The mean was used. 

6 Rate corrections were determined from star observations. 

¢ Rate corrections were determined from the noon signals sent by telegraph from the Naval Observatory at Washinuton, D.C. 

During the second season of 1909, mentioned on page 139, in which the periods of the 

pendulums were affected by films of forcign substance on the agate planes on which the 
pendulums swing, W. H. Burger established the following stations in the order given. The 
table shows which stations were reoecupied, the name of the second observer, and the value 
of gravity adopted. 


a rt 


Adopted 


Adopted 
Number and name of station A aia ois value of ! Number and name of station ane reared value of 
; i gravity ! J ‘ gravity 
ep neds PenrensE ee eter | ena? ne eens ces eee Ca | NOES CERN eee eee ee |e eee 

102. Cloudland, Tenn.............0020cfeceeeee sc ceeeeeeeees Se accents Iai Wisin NG V224.as22uca saat abo eeeonte aac deaag ea oteedes 
103. Hughes, Tenn.................204 T. L. Warner..... 979. 553 | 89. Alpena, Mich... ...........-..200 0,005 Oe ere ree eee eee e 
106; ore Kent, MG. gout dacen olscacamaey ieeeteime cet uncsnes auelueu nce | 57. Iron River, Mich.............-...- H. D. King........ 980. 633 
85. North Hero, Vt...............50-- H. D. King....... 980. 588 GRE TEN MMe sors, ceca oh eG aoe eke das A eee cay Peer ee 
NO. Lake Placid. No Y cases castee acc let ones Geet cance delet ee @nee aes lI SO. Pembina ON. OK ond s.enek cetwe tl awe dowhlee edeaedees ee ee 
Bi. POWGSIN, ING Y schnesesei licencia tl sas Stee sihe etiee Leoa bie Secs OO. Mitchell, S. Dek cct sco cee ds cancels Keene adage Po keaton enna ied 


In order to strengthen the field work, stations Hughes, North Hero, and Iron River were 
reoccupied as is indicated in the above table. The King and Warner values were adopted for 
North Hero and Hughes, respectively. The Burger value for Iron River when the November 
4 to 10, 1909, Washington periods were used differed only 0.006 from King’s value. The mean 
of the two determinations for that station was adopted. The November 4 to 10, 1909, Wash- 
ington periods were also used in computing the value of gravity at Ely, Pembina, and Mitchell. 
(See p. 87 of Special Publication No. 10). 

For Cloudland the Washington periods of November 4 to 10, 1909, and Warner’s periods 
at station Hughes were used as stundard values. North Hero and Iron River, with their 
adopted values of gravity, were used as the base stations for Lake Placid, Potsdam, Wilson, 
and Alpena. Hughes and North Hero, with their adopted values of gravity, were used as 
bases in determining the value of gravity at Fort Kent. 

From July, 1914, until January, 1916, the chronometer corrections at the base stations 
and at field stations were obtained from comparisons with the noon signals sent over the 
lines of the Western Union and the Postal Telegraph companies from the Naval Observatory 
at Washington. At the beginning of each month the corrections to the time as sent out by 
the observatory were furnished for each day of the preceding month. These corrections were 
seldom greater than 0.10 second. Before the year 1914 the chronometer rates were deter- 
mined by the gravity parties from local time observations on the stars with an astronomic 
transit. 
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The tests at the base station and at field stations showed that the time by telegraph gave 
as satisfactory results as the time determined by local astronomic observations. Of course 
there were errors in the absolute time as received at a field station over the telegraph wires due 
to the time of transmission, but this error was probably very nearly the same for each day at a 
station, and the effects on the rate determinations of the chronometers were not appreciable. 

In the table on page 141 there are given the results of two standardizations in July, 1914, 
one with local time and the other with time from the observatory. The two results agree closely. 

There are given below the values of the gravity at three stations at which both local and 
Naval Observatory time was used in rating the chronometers. The values indicate that the 
observatory time by telegraph is satisfactory. 


Name of station Observer Date Time used pace 
3 By. Ds RING. ccc cc eiSecs cadee 1911 | Local time........ 979. 346 
Wilmer, Ala..... 0-2-2. se sees cece eee reece reece eee e ee eceec eens eres sone C.L. Garner............0005 1914 | Noon signals...... 979. 345 
Albany. N.Y T. be Warmer .s.6c8e lence. 1911 | Local time........ 34 
BET eee We et ae a iniag ote ne eae a Gah ee She Sa sec eblens eames ess C. L. Garner sed ceatetac een 1914 Noon signals Lab ns0. 348 
P . Re PUNO 6 iene Scedecds 1 ocal time........ 19. 7 
Little Rock, ATK...... 2-00. - see ee eee eee eter ee tect tee ee ee nett eee e eee e eens J.D POWs 65. oe cicncas cus 1914 | Noon signals...... 979. 728 


The use of the observatory time materially lessens the work and the cost of establishing 
a gravity station. 

There is given below a table which shows the chronometer rates at stations near and at others 
which are distant from Washington. These rates were determined from the comparisons with 
the Naval Observatory time received by telegraph. The range in the daily rates at the distant 
stations is about the same as the range for the near ones. As there are two chronometers, it 
can be seen whether the rates are due to errors in the time signals or to conditions not connected 
with those signals. For instance, when the rate for one day is considerably lower by both 
chronometers than for the other two days it is probable that this is due to the time signals. 
This might be the case for the first 24-hour period at station 194 (Huntley, Mont.). This is 
also the case for the first interval at station 202 (Moorcroft, Wyo.). Here the error was of 
such size that the observer swung his pendulums a fourth day. On the other hand, at station 
192 (Poplar, Mont.) the third day gives a low rate for one chronometer and a normal rate for 
the other, and the cause of the variation of the first could not have been an error in the time 
signals. 

The chronometers are subject to the temperature changes which occur in the pendulum 
room, which no doubt cause variations in the rates, but, as the pendulums are swung almost 
continuously for the interval between the determinations of the chronometer corrections, no 
appreciable errors enter into the mean period for a pendulum from the variation in rate. 
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Chronometer rates. 
STATIONS NEAR WASHINGTON (MAXIMUM DISTANCE 800 KM.). 


| 
Daily rates | Daily rates 
Number and name of station Date, 1915 Chiro: Chiro: : Number and name of station Date, 1915 Chro- Chive: 
nometer } nometer | nometer | no1eter 
No. 1823 | No. 1841 | No. 1823 | No. 1841 
Seconds | Seconds | Scconds | Seconds 
146. Richmond, Va............... Feb. 9-10...... —3. 89 —2.07 | 155, Knoxville, Tenn............. May 10-12..... —3.47 —3. 2B 
Feb. 10-11..... —3.78 —2. 07 | | May 12-13..... —3. 71 —3. 40 
Feb. 11-12..... —3. 99 —2.27 May 13-14..... —3.45 —3. 36 
147, Emporia, Va................ Feb. 24-25..... —2. 87 —2.18 || 156, Bristol, Va...........-...... May 19-20..... —3. 92 —3. 58 
Feb, 25-26.....| —2.28 —1.82_ May 20-21..... —3. 50 —4. 61 
148. Greenville, N.C............- Mur, 9-10...... ; = 3. 85 —2. 82 | May 21-22..... —3. 56 —3. 42 
Mar. 10-11..... LD eietaceu ee —2.97 || 209. Laurel, Md................-- Nov. 18-19....1 —2.19 +3. 08 
Mur. 11-12..... — 3. 89 — 2. 86 Nov. 19-21.... —2. 24 +3. 45 
149. Wilmington, N.C........... Mar. 16-17.....5 —3.41 —2. 38 Nov. 21-22....| —2.34 +5. 55 
Mar, 17-18..... —3. 58 —2.63 || 212. Rockville, Md............... Nov, 27-28....| —1.51° +2. 55 
Mar. 18-19..... 1 —3, 66 —2. 68 Nov. 28-29.... —1. 68 +2. 35 
150. Cheraw, 8. C................- Mar. 25-26..... —3. 73 — 2. 389 Nov, 29-30.... —2. 20 +2. 46 
Mar. 26-27...) =3.8t|  —3.15 | 214. Fairfax, Va..........cee Tec. 3-4...-... +0.27| 43.20 
Mar, 29-30..... —3. 16 —2.92 | Dec, 4-5....... +0. 45 +3, 34 
151, Charlotte, N.C.............. Apr. 5-6....... | —265! —1.87 Dec. 5-6....... +060; +43. 40 
Apr. 6-7....... 1 = 2. 64 —2.05 | 213. Upper Marlboro, Md......... Dec, 11-12..... +2. 26 +3. 41 
Apr. 7-8....... ~2.%6 —2 06 Dec. 12-13.....1  +1.52 +3. 72 
154. Winston-Salem, N.C........ Apr. rae —3. 38 | —2.73 |) Doc. 13-14..... ' = +101 +3, 86 
Apr. 13-14..... —3.54 —3. 10 
Apr. 14-15..... 3.55 —2.93 1916. 
152. Asheville, N.C.............. Apr. 22-23.....) —4.02 | —3.21 | 219. Hagerstown, Md............. Jan. 89....... —1.92 +3. 35 
Apr. 23-24....., —4.141 —3.36 |! Jan. 9-10...... i 1 45 +3. 38 
Apr. 24-26..... —3.97 3.32 |! Jan, 10-11.....; —2.09 +3. 57 
153. Cleveland, Tenn............. Apr. 30-May 1.) =—3.88 | —3. 09 
May 1-2....... | 3. 8b —3. 04 
May 2-3....... | —3.75 —3. 12 | 
STATIONS DISTANT FROM WASHINGTON (MAXIMUM DISTANCE 2700 KM.; MINIMUM DISTANCE 1400 KM.). 
Daily rates | Daily rates 
an | cela ae ee Ae eens 
Number and name of station Date, 1915 Chie: | Chro- Number and name of station Date, 1915 Chro- Chro- 


nometer | nometer 
No. 1828 | No. 1838 


nometer | nometer — 
No. 1528 | No. 1838 | 


4d 


Seconds ae Seconds | Seconds 
1 


| 
186, Aberdeen, 8. Dak............ Aug. 5-6...... —2.10 +8 14 | 195. Lander, Wyo................ Sept. 29-30....| —2.3 +2.17 
Aug. 6-7...... —2. 21 +8. 26 : Sept 30-Oct.1.) —2.33 +2. 18 
Aug. 7-8...... —2.14 +8. 34 | Oct. 1-2....... —2.17 +2. 13 
187. Faith, 8. Dak................ Aug. 12-13....)  —2.18 +6. 62 |: 198. Edgemont, 8. Dak........... Oct. 5-7....... —1.74 +2. 18 
Aug. 13-14....} —2. 24 +7. 24 |! Oct. 7-8....... -1.83 +2, 67 
Aug. 14-15....]  —1.90 +7. 48 || Oct. &9....... —2.01 +2. 36 
189. Towner, N. Dak............. Aug. 20-21....) —1.61 +7. 87 || 202. Moorcroft, Wyo.............. Oct. 12-13..... 0. 00 +4.12 
Aug. 21-23.... —1. 50 +7. 63 |, Oct. 13-14..... —1.40 +2. 84 
Aug. 23-24....| —1.91 +6. 22 | Oct. 14-15..... —0. 74 +3. 31 
190. Crosby, N. Dak............ .-| Aug. 27-28....] —1.%4 +3.61 |) Oct. 15-16..... —1.01 +3. 26 
Aug. 28-29...) 162] $5.25 || 201. Wasta, 8. Dak............2.- Oct. 20-21..... —1.00| +4248 
Aug, 20-30....] —1. 86 44.97 | Oct. 21-22..... —1.16 +2. 25 
192. Poplar, Mont................ Sept. 2-3...... —1.75 +5. 74 |! Oct. 22-23..... —1.19 +2. 08 
Sept. 3-4...... ~~ 1.37 +5. 68 || 206. Valentine, Nebr............. Oct. 26-27..... —1. 85 +3. 36 
Bept. 4-5...... —1.01!  +5.78 | Oct. 27-28... —1.88} +3, 26 
188, Marmarth, N. Dak.......... Sept. 10-12....] —0. 80 +4. 25 Oct. 28-29..... —1.91 +3. 01 
Sept. 12-13....) —1.10 +4.99 || 205. Randolph, Nebr............. Nov. 2-3...... —1. 46 +2. 13 
Sept. 13-14....) —1.12 +5. 26 Nov. 3-4...... —1. 62 +2. 35 
193. Miles City, Mont............. Sept. 17-18....] —1.01 +1. 44 Nov. 4-5...... —1.42 +2.31 
Sept. 18-19....; —1.18 +1. 63 || 208. Leon, Iowa...............4.. Nov. 10-11....| —3.37 +3. 56 
Sept. 19-20.... —1.52 +1. 29 || Nov. 11-12.... —3. 38 +3. 56 
194. Huntley, Mont......... .....| Sept. 22-23....1 —0.13 +1. 08 Nov. 12-13....| —2.95 +3. 22 
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Chapter II.— DESCRIPTIONS OF STATIONS. 


There are given below the descriptions of the 219 stations in the United States with 
the years in which they were established. The description is designed to enable one to re- 
cover the place where the pendulums were swung. The numbering of the stations is the 
same as that used in other parts of this volume. 


No. 1, Key West, Fla. (1896).—Post office, southeast basement room. The case was mounted on the concrete 
floor. 

No. 2, West Palm Beach, Fla. (1909).—Zapf’s Opera House, room in basement under north part of building. The 
case was mounted on a concrete pier against a stone wall. 

No. 3, Punta Gorda, Fla. (1909).—Punta Gorda Hotel, in the space partly walled in under the main entrance. 
The case was mounted on a low pier of concrete and brick against a buttress of the wall. 

No. 4, Apalachicola, Fla. (1909).—Observatory pendulum room on Weather Bureau signal grounds near the center 
of the Florida Promenade Park between Fifth and Sixth Avenues and First and Second Streets, extended. The case 
was mounted on a low brick pier. 

No. 5, New Orleans, La. (1895).—City Hall, hallway in basement of building. The case was mounted on the slate 
floor. 

No. 6, Rayville, La. (1909).—Dr. J. H. Wilkins’s office, medicine room in southeast corner of small one-story brick 
building south of the Vicksburg, Shreveport & Pacific Railway tracks and three and one-half telegraph poles weat of 
the crossing of the Vicksburg, Shreveport & Pacific and the St. Louis, Iron Mountain & Southern Railways. The case 
was mounted on bricks cemented together and to the concrete floor. 

No. 7, Galveston, Tex. (1895).—Ball High School, storeroom on the ground floor. The case was mounted on the 
concrete floor. 

No. 8, Point Isabel, Tex. (1909).—Constructed pendulum room 2.65 meters north and 0.67 meter west of the lon- 
gitude pier used by Assistant Smith in 1906 and about 110 meters north of the lighthouse. The case was mounted 
on a low concrete pier. 

No. 9, Laredo, Tex. (1895).—Commissary of Fort McIntosh, room in the basement. The case was mounted on a 
low brick pier build against the foundation wall. 

No. 10, Austin, Tex. (capitol) (1895).—Capitol Building, basement room southeast of the rotunda. The case was 
mounted on the concrete floor. 

No. 11, Austin, Tex. (university) (1895).—University of Texas, main building, Aquarium room in basement. The 
case was mounted on the corner of a concrete wall. 

No. 12, McAlester, Okla. (1909).—High school just east of the Masonic Temple, northeast corner of the shower-bath 
room on the ground floor. The case was mounted on three 6-inch cube stone blocks, each cemented to the concrete 
floor. 

No. 13, Little Rock, Ark. (1896 and 1914).—Post office, north center basement room. The case was mounted on the 
concrete floor. 

No. 14, Columbia, Tenn. (1909).—Old dormitory of the high and public school, in southeast corner of basement near 
bathing tank. The case was mounted on three 6-inch concrete blocks, each cemented to the concrete floor. 

No. 15, Atlanta, Ga. (1896).—State Capitol, northwest basement room of the Washington Street wing. The case 
was mounted on the asphaltum floor. 

No. 16, McCormick, S. C. (1909).—McCormick oil mill of the Anderson Phosphate Co., four and one-half telegraph 
poles west of the Charleston & Western Carolina Railway depot, in the southeast corner of the furnace room at the 
south end of the building. The case was mounted on a low brick pier. 

No. 17, Charleston, S. C. (1896).—South Carolina Military Academy (citadel), storeroom in the southwest corner 
of the ground floor. The case was mounted on the brick floor. 

No. 18, Beaufort, N. C. (1909).—Masonic Hall on Turner Street, one block south of the courthouse; smal]! room 
near the center of the north side of the basement. The case was mounted on a low concrete pier. 

No. 19, Charlottesville, Va. (1894).—University of Virginia, basement of biological laboratory. The case was 
mounted on a low brick pier. 

No. 20, Deer Park, Md. (1894).—East corner of swimming-pool building west of the Deer Park Hotel. The case 
was mounted on a low stone pier. 

No. 21, Washington, D. C. (1900).—Office of the United States Coast and Geodetic Survey, New Jersey Avenue 
and B Street SE., pendulum room in southwest corner of basement. The case was mounted on a massive brick pier. 

No. 22, Washington, D. C. (Smithsonian Institution) (1891).—Northeast basement of the Smithsonian Institution. 
The case was Mounted on a brick pier. 
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No. 23, Baltimore, Md. (1893).—Johns Hopkins University, basement of the physical laboratory. The case was 
probably mounted on a brick or masonry pier. 

No. 24, Philadelphia, Pa. (1894).—University of Pennsylvania, small room in northwest corner of basement of 
College Hall. The case was mounted on the concrete floor. 

No. 25, Princeton, N. J. (1894).—College of New Jersey, basement of magnetic observatory or electrical building. 
The case was mounted on a tall brick pier. 

No. 26, Hoboken, N. J. (1891).—Basement of the Stevens Institute of Technology. The case was probably mounted 
on a brick or masonry pier. 

No. 27, New York, N. Y.(1899).—Columbia University, in a smal! room in the sub-basement near the center of 
the front of the Physics Building. The case was mounted on a brick pier. 

No. 28, Worcester, Mass. (1899).—Worcester Polytechnic Institute, in the southwest corner of the constant tem- 
perature room of the physical laboratory which is near the middle of the north side of the basement. The case was 
mounted on a stone pier. 

No. 29, Boston, Mass. (1894).—New addition to State house, vault in northeast part of basement. The case was 
mounted on the concrete floor. 

No. 30, Cambridge, Mass. (1894).—Ilarvard College Observatory, basement room north of equatorial foundation. 
The case was mounted on the heavy stone doorsill. : 

No. 31, Calais, Me. (1895).—Basement of high-school building. The case was mounted on the concrete floor. 

No. 32, Ithaca, N. Y. (1894).—Cornell University, in the metric room in the northeast part of the basement of 
Lincoln Hall. The case was mounted on a tall brick pier. 

No. 33, Cleveland, Ohio (1894).—Adelbert College, in balance room in the west corner of the basement. The case 
was mounted on a large brick pier with capstone. 

No. 34, Cincinnati, Ohio (1894).—Cincinnati Observatory on Mount Lookout, in the basement north of the foun- 
dation of the meridian circle. The case was mounted on a low brick pier built on the brick floor. 

No. 35, Terre Haute, Ind. (18914).—Rose Polytechnic Institute, in the west room of the basement of the main building. 
The case was mounted on a large brick pier with slate top. 

No. 36, Chicago, Ill. (1894).—University of Chicago, constant temperature room in the northeast part of the main 
floor of the Ryerson Physical Laboratory. The case was mounted on a massive brick pier with capstone. 

No. 37, Madison, Wis. (1906).—University of Wisconsin, in the basement of Science Hall. The case was mounted 
on a brick pier. 

No. 38, St. Louis, Mo. (1894).—Washington University, in the south basement room of the chemical laboratory, 
which is near the northwest corner of St. Charles and Seventeenth Streets. The case was mounted on a low pier built 
on the brick floor. 

No. 39, Kansas City, Mo. (1894).—Franklin School at the northeast corner of Washington Avenue and Fourteenth 
Street, in a emall storeroom in the south part of the basement. The case was mounted on bricks cemented to the 
concrete floor. 

No 40, Ellsworth, Kans. (1894).—Ellsworth County courthouse, near the center of the basement. The case was 
mounted on a large stone dooruill. 

No. 41, Wallace, Kans. (1894).—Stone residence northwest of station belonging to the Union Pacific Railway, in 
the basement. The case was mounted on a stone doorsill. 

No. 42, Colorado Springs, Colo. (1894). —Colorado College, small room near northeast corner of basement of Hager- 
man Ilall. The case was mounted on a low pier built on the concrete floor. 

No. 43, Pikes Peak, Colo. (1894).—Small storeroom at south end of stone building on the east side of the summit. 
The case was mounted on large stones cemented to the concrete floor. 

No. 44, Denver, Colo. (1894).—University of Denver, in the basement of Chamberlin Observatory south of the 
equatorial foundation. The case was mounted on large stones cemented to the concrete floor. 

No. 45, Gunnison, Colo. (1894).—La Veta Hotel, small room beneath the sidewalk at the northeast corner. The 
case was mounted on a heavy stone doorsill. 

No. 46, Grand Junction, Colo. (1894).—Brunswick Hotel, on Main Street west of Fourth Street, in the cellar under 
the northeast corner. The case was mounted on a low brick pier. 

No. 47, Green River, Utah (1894).—Palmer House, in the east corner of the cellar under the south part of the build- 
ing. The case was mounted on a low brick pier built on the concrete floor. 

No. 48, Pleasant Valley Junction, Utah (1894).—Residence of T. Arrowsmith, about 65 meters north of the Rio 
Grande Western Railway station, in the west corner of the cellar. The case was mounted on a low brick pier. 

No. 49, Salt Lake City, Utah (1894).—Small astronomical observatory in the southeast corner of Temple Block. 
The case was mounted on a stone pier 1 meter high. 

No. 50, Grand Canyon, Wyo. (1894).—Canyon Hotel, in Yellowstone Park, in the unfinished basement at the weat 
end of the main building. ‘The case was mounted on a low brick pier. 

No. 51, Norris Geyser Basin, Wyo. (1894).—In Yellowstone Park, in a small room at the entrance to the storehouse 
west of the lunch station at Norris Geyser Basin. The case was mounted on three wooden posts driven into the ground 
and braced. 

No. 52, Lower Geyser Basin, Wyo. (1894).—Iountain Hotel, in Yellowstone Park, in an unfinished room in the 
basement at the north end of the central wing. The case was mounted on a low brick pier. 
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No. 53, Seattle, Wash. (university) (1899).—Washington State University, just northeast of Lake Union, in the 
physical laboratory which is near the east end of the basement of the main building. The case was mounted on a 
masonry pier with marble top. 

No. 54, San Francisco, Cal. (1891).—This station is probably located in the Davidson Observatory in Lafayette 
Park. The case was mounted on a brick pier. 

No. 55, Mount Hamilton, Cal. (1891).—Lick Observatory, on Mount Hamilton. The case was mounted on a 
brick pier. 

No. 56, Seattle Wash. (high school) (1891 and 1899).—High-school building, in a small room used for storing arms 
partitioned off from the northwest room of the basement. The case was mounted on the concrete floor. 

No. 57, Iron River, Mich. (1909 and 1910)—High school, just north of the center of town and two blocks west of the 
railway depot, in a small room in the basement, which is near the foot of the stairway leading from the western one of 
the main entrances to the basement floor. The case was mounted on three bricks cemnted to the concrete floor, one 
brick under each footplate. 

No. 58, Ely, Ifinn. (1909).—High school, 1905, small storage room under stair landing in west end of basement. 
The case was mounted on the concrete floor. 

No. 59, Pembina, N. Dak. (1909).—Public school, also used as high school, temporary room constructed in west 
corner of the basement. The case was mounted on low concrete pier. 

No. 60, Afitchell, S. Dak. (1909).—Dakota Wesleyan University, College Hall 1889, chemical storeroom in the south 
side of the basement about 30 feet from the southwest corner of the building. The case was mounted on the concrete 
floor. 

No. 61, Sweetwater, Ter. (1910). —Cyclone cellar of Russell Rhoades just to the rear of his dwelling, which is the 
second house on the east side of the street leading south from the Texas & Pacific Railway tracks to the Sweetwater 
Mineral Springs Park. The case was mounted on the concrete floor. 

No. 62, Kerrville, Tex. (1910).—Lowry Block, a little south of the courthouse grounds, in the basement. The case 
was mounted on the concrete floor. 

No. 63, El Paso, Tex. (1910).—E] Paso High School, North Kansas and Arizona Streets, small room under stairway 
in the southwest side of the basement and near the outside basement door. The case was mounted on the concrete floor. 

No. 64, Nogales, Ariz. (1910).—Public-school building, small room used as library and storeroom in the south 
side of the basement. The case was mounted on a concrete pier. 

No. 65, Yuma, Ariz. (1910).—Public-school building, corner of Second Avenue and Third Street, a temporary 
room constructed in the southeast corner of the basement room which is to be used for manual training. The case was 
mounted on the concrete floor. 

No. 66, Compton, Cal. (1910).—High school, in the northeast corner of the southwest corner room of the basement. 
The case was mounted on the concrete floor. 

No. 67, Goldfield, Nev. (1910).—High school, corner of Ramsey and Euclid Streets, in small oil room on the boys’ 
aide of the basement near the northwest side of the building. The case was mounted on the concrete floor. 

No. 68, Yavapai, Ariz. (1910).—Yavapai Point, in small tunnel on the rim of the Grand Canyon, 1.2 miles east of 
E] Tovar Hotel. The case was mounted on three stones cemented to the rocky floor of the tunnel. 

No. 69, Grand Canyon, Ariz. (1910).—Bright Angel trail, in a tunnel on the mining claim of Mr. Cameron near the 
bottom of the Grand Canyon, 55 paces west from the steep part of the trail known as the ‘‘corkscrew’”’ and 12 feet above 
the bed of a creek. The case was mounted on three stones embedded in a 4-inch layer of concrete on the rocky floor 
of the tunnel. 

No. 70, Gallup, N. Mer. (1910).—Public-school building, temporary room constructed in the northeast corner of 
the basement. The case was mounted on a low concrete pier. 

No. 71, Las Vegas, N. Mer. (1910).—Normal school on Main Street between Eighth and Ninth Streets, East Las 
Vegas, girls’ dormitory, a temporary room constructed in the southeast corner of the west room of the basement. The 
case was mounted on the concrete floor. 

No. 72, Shamrock, Tex. (1910).—Cyclone cellar near the northwest corner of the residence of E. H. Small, about 
one-half mile southwest of the main part of Shamrock. The case was mounted on the concrete floor. 

No. 73, Denison, Tex. (1910).—High school, northwest corner of Main Street and Barrell Avenue, in basement 
storeroom between the physical and chemical laboratories. The case was mounted on three concrete blocks, each 
cemented to the concrete floor. 

No. 74, Minneapolis, Minn. (1910).—University of Minnesota, constant temperature room, near the center of the 
basement of the physical laboratory. The case was mounted on a stone plinth 4 inches thick cemented to the tile floor. 

No. 75, Lead, S. Dak. (1910).—High-school building, vault near the middle of the east side of the basement. The 
case was mounted on three concrete blocks molded in place on the concrete floor. 

No. 76, Bismarck, N. Dak. (1910).—Will School building, superheating room, center of basement. The case was 
mounted on a low concrete pier. 

No. 77, Hinsdale, Mont. (1910).—Public school, middle of the north side of the basement. The case was mounted 
on a low concrete pier. 

No. 78, Sandpoint, Idaho (1910).—Farmington Central School, alcove under the stairs of the main entrance in the 
middle of the north side of the basement. The case was mounted on three bricks, each cemented to the concrete floor. 
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No. 79, Boise, Idaho (1910).—High-school building, new (1908) east wing of boys’ dressing room in south part of 
basement directly under the Tenth Street entrance. The case was mounted on three bricks,each cemented to the 
concrete floor. 

No. 80, Astoria, Oreg. (1910).—Federal Building (customhouse and poet office), temporary room constructed in 
the west part of the basement. The case was mounted on three bricks, each cemented to the concrete floor. 

No. 81, Sisson, Cal. (1910).—Sisson Tavern at Berryvale, about 1 mile west and } mile south of the Sisson railroad 
station, a temporary room constructed in the basement under the southwest corner of the main part of the building 
The case was mounted on a concrete pier. 

No. 82, Rock Springs, Wyo. (1910).—City Hall, room near the middle of the southeast side of the basement and just 
east of the boiler room. The case was mounted on a low concrete pier. 

No. 83, Parton, Nebr. (1910).—Globe Hotel, cellar under the storehouse at the rear of the hotel. The case was 
mounted on three bricks, each cemented to the concrete floor. 

No. 84, Washington, D. C. (Bureau of Standards), (1910).—Room No. 16, near the center of the basement of the 
physical laboratory or main building. The case was mounted with one brick under each footplate cemented to the 
concrete floor. 

No. 85, North Hero, Vt. (1909 and 1910).—Irving House, middle of east side of the east room of the basement. 
The case was mounted with two bricks under each footplate cemented together and to the concrete floor. 

No. 86, Lake Placid, N. Y. (1909).—Lake Placid Inn, storeroom in the east corner of the basement directly below. 
he hotel dining. room. The case was mounted on a low concrete pier. 

No. 87, Potsdam, N. Y. (1909).—Clarkson School of Technology, photometric room, on the ground floor, directly 
north of north entrance to the furnace room. The case was mounted on a stone pier composed of two large stone blocks 
resting on the concrete floor. 

No. 88, Wilson, N. Y. (1909).—Wilson High School, middle furnace room in the center of the basement. The case 
was mounted on a low concrete pier. 

No. 89, Alpena, Mich. (1909).—City hall, alcove under steps at the northwest end of the basement hall and just 
to the left of the entrance to the office of chief of police. The case was mounted on the concrete floor. 

No. 90, Virginia Beach, Va. (1911).—Arlington Hotel, temporary room constructed in the northeast corner of the 
basement of the north wing. The case was mounted on low concrete pier which in turn rested on the brick floor. 

No. 91, Durham, N. C. (1911).—Trinity College, Academic Building, small room in middle of east end of basement. 
The case was mounted with two bricks under each footplate cemented together and to the concrete floor. 

No. 92, Fernandina, Fla. (1911).—Federal Building, northeast corner of Center and Fourth Streets, coal room in 
the southeast corner of the basement. The case was mounted on three bricks each cemented to the concrete floor. 

No. 93, Wilmer, Ala. (1911 and 1915).—Abandoned ice house at the east end of the post office, which is located at 
the point where the main road from the railway station turns to the westward. The case was mounted on a brick pier. 

No. 94, Altceville, Ala. (1911).—Constructed pendulum room located on a public highway or West First Street, 47.5 
feet north of the building line on the north side of Third Avenue and 23 feet west of the building line on the east aide 
of West First Street. The case was mounted on a concrete pier. 

No. 95, New Madrid, Mo. (1911).—High-school building, furnace room in the basement at the west end of the 
west wing. The case was mounted on three bricks each cemented to the concrete floor. 

No. 96, Mena, Ark. (1911).—High-school building, southwest corner of Eleventh Street and Magnolia Avenue, 
furnace room in the basement under the east end of the building. The case was mounted on three bricks each cemented 
to the concrete floor. 

No. 97, Nacogdoches, Tez. (1911).—M. E. Church on Hospital and Pecan Streets, small room off the west end of 
the vestry in the north end of the basement. The case was mounted with two bricks under each footplate cemented 
together and to the concrete floor. 

No. 98, Alpine, Tez. (1911).—High-school building at the foot of Sixth Street, small basement room in the middle 
of the west side of the building directly under the west entryway. The case was mounted with two bricks under each 
footplate cemented together and to the concrete floor. 

No. 99, Farwell, Tez. (1911).—Farwell Hotel at the southwest corner of the public square, basement room in south- 
west corner of the building, whichis unoccupied. The case was mounted with two bricks under each footplate cemented 
together and to the concrete floor. 

No. 100, Guymon, Okla. (1911).—Summers Building, small inside room off the northeast corner of the barber shop. 
The case was mounted with two bricks under each footplate cemented together and to the concrete floor. 

No. 101, Helenwood, Tenn. (1911).—Observatory pendulum room on the premises of Mr. Duncan, directly opposite 
the railroad station at Helenwood, 40 feet south of Mr. Duncan’s north fence line and 16 feet west of his east fence line 
and about 400 feet east of the railroad station. The case was mounted on a pier of concrete building blocks. 

No. 102, Cloudland, Tenn. (1909).—Summit of Roan Mountain, Old Cloudland Hotel, northwest corner of the 
southeast room on the ground floor. The case was mounted on a concrete pier. 

No. 103, Hughes, Tenn. (1909 and 1911).—Observatory pendulum room on Lewis Hughes’s farm, in the corner of 
his pasture lot, and about 75 feet due east of the north end of his house, which is the first house on the east side of Cove 
Creek just south of its junction with Doe River, 114 miles east of Hughes Gap and 134 miles west by south from 
Burbank. The case was mounted on a concrete pier. 
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No. 104, Charleston, W. Va. (1911).—High-school building on Quarrier Street near Broad Street, boys’ coat room 
in the basement under the boys’ entrance on the northwest side of the building. The case was mounted with two bricks 
under each footplate cemented together and to the concrete floor. 

No. 105, State College, Pa. (1911).—Chemistry-Physics Building of Pennsylvania State College, photometer room 
in the basement. The case was mounted with two bricks under each footplate cemented together and to the concrete 
floor. 

No. 106, Fort Kent, Me. (1909).—Dickey Hotel, in the north corner of the basement directly under the hotel office. 
The case was mounted on a low concrete pier. 

No. 107, Prentice, Wis. (1911).—Public-school building, room in the basement under the east entrance to the build- 
ing. The case was mounted on a concrete pier. 

No. 108, Fergus Falls, Minn. (1911).—High-school building on Cavour Street between Court and Union Streete, 
girls’ entrance to the basement from the north side of the building. The case was mounted with two bricks under 
each footplate cemented together and to the concrete floor. 

No. 109, Sheridan, Wyo. (1911).—County courthouse, southwest corner of South Main and West Burkill Streete, 
room in the northwest corner of the basement known as storage vault No. 2. The case was mounted with two bricks 
under each footplate cemented together and to the concrete floor. 

No. 110, Boulder, Mont. (1911).—Public school south of the courthouse, boys’ toilet in the southeast corner of the 
basement. The case was mounted with two bricks under each footplate cemented together and to the concrete floor. 

No. 111, Skykomish, Wash. (1911).—Public-school building, boiler room. The case was mounted with two bricks 
under each footplate cemented together and to the concrete floor. 

No. 112, Olymma, Wash. (1911).—Washington School building on West Fifth and Quince Streets, boys’ toilet in 
the basement east of the main entrance on the north side of the building. The case was mounted with two bricks 
under each footplate cemented together and to the concrete floor. 

No. 113, Heppner, Oreg. (1911).—Morrow County courthouse, storage room in the middle of the basement. The 
case was mounted with two bricks under each footplate cemented together and to the concrete floor. 

No. 114, Truckee, Cal. (1911).—High-school building, temporary room constructed in the northeast corner of the 
southern half of the basement. The case was mounted on a concrete pier. 

No. 115, Winnemucca, Nev. (1911).—Store owned by H. Warren, on Bridge Street, next to the fire station, furnace 
room in the basement. The case was mounted with two bricks under each footplate cemented together and to the 
concrete floor. 

No. 116, Ely, Nev. (1911).—Graded-school building, storage room in the northeast corner of the basement. The 
case was mounted with two bricks under each footplate cemented together and to the concrete floor. 

No. 117, Guernsey, Wyo. (1911).—Guernsey Hotel, basement room about the middle of the south side. The case 
was mounted with two bricks under each footplate cemented together and to the concrete floor. 

No. 118, Pierre, S. Dak. (1911).—High-school building opposite the Capitol, storage room in basement between 
the toilet and the gymnasium. The case was mounted with two bricks under each footplate cemented together and to 
the concrete floor. 

No. 119, Fort Dodge, Iowa (1911).—High-school building, storage room about the center of the basement. The 
case was mounted with two bricks under each footplate cemented together and to the concrete floor. 

No. 120, Keithsburg, Ill. (1911).—Public-school building, temporary room constructed in the basement under the 
west part of the building. The case was mounted with two bricks under cach footplate cemented together and to 
the concrete floor. 

No. 121, Grand Rapids, Mich. (1911).—Smaller building on the northwest corner of the new high-school grounds, 
at Fountain and North Prospect Streets, boiler room in the northwest corner of the basement. The case was mounted 
on the concrete floor. 

No. 122, Angola, Ind. (1911).—Public-school building on East Water Street between South Wayne and South 
Martha Streets, storage room in the southeast corner of the basement. The case was mounted with two bricks under 
each footplate cemented together and to the concrete floor. 

No. 123, Albany, N. Y. (1911 and 1914).—Public School No. 24, at Delaware and Dana Avenues, janitor’s store- 
room in the basement, under the boys’ entrance on the east side of the building. The case was mounted with two 
bricks under each footplate cemented together and to the concrete floor. 

No. 124, Port Jervis, N. Y. (1911).—( hurch Street School building, basement room about the middle of the south- 
east side of the building. The case was mounted with two bricks under each footplate cemented together and to the 
concrete floor. 

No. 125, Atlantic City, N. J. (1914).—New high school, corner of Atlantic and Massachusetts Avenues, northwest 
corner of the dark storeroom in the basement, directly under the steps at the Atlantic Avenue entrance. The case 
was mounted on a slate slab 3 inches thick cemented to the floor. 

No. 126, Bridgehampton, N. Y. (1914).—High-school building, near the north side of the laboratory room in the 
basement. The case was mounted on the concrete floor. 

No. 127, Chatham, Mass. (1914).—In northwest corner of the small concrete fish house belonging to A. E. Thatcher 
on the north side of the mill pond. The case was mounted on the concrete floor. 

No. 128, Rockland, Me. (1914).—Home of Fred Burpee, at 104 Limerock Street, in the northwest corner of the 
south extension of the basement or cellar. The case was mounted on the concrete floor. 
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No. 129, Lancaster, N. H. (1914).—High school, near the intersection of Main and School Streets, in the basement 
near the northwest corner of the southwesterly room used as a bath and dressing room for the gymnasium. The case 
was mounted on the concrete floor. 

No. 130, Whitehall, N. Y. (1914).—Armory at the corner of Willian and Daultney Streets, near the northwest 
corner of the dark room in the basement. The case was mounted with one brick under each footplate cemented to the 
concrete floor. 

No. 131, Lvttle Falls, N. Y. (1914).—Benton Hall School, on the east side of the park, at the corner of Alexander 
and Waith Streets, in a temporary room constructed in the most northwesterly room of the basement. The case was 
mounted on the concrete floor. 

No. 132, Watertown, N. Y. (1914).—High school, on Sterling Street between Washington and Jay Streets, in the 
carpenter shop in the basement. The case was mounted on the concrete floor. 

No. 133, Southport, N. Y. (1914).—In the basement of a small store on Pennsylvania Avenue used as a storeroom 
by Sargent & Sage, whose grocery store is the next building east at the corner of Pennsylvania and Caton Avenues. 
The case was mounted on a pier built of brick, stone, and plaster of Paris. 

No. 134, Erie, Pa. (1914).—Public School No. 2, at the corner of Seventh and Holland Streets, in the basement 
storeroom under the steps at the south entrance. The case was mounted on the concrete floor. 

No. 135, Parkersburg, W. Va. (1914).—Post office, in the southeast corner of the small room in the northeast corner 
of the basement. The case was mounted with one brick under each footplate cemented to the concrete floor. 

No. 136, Columbus, Ohio (1914).—Franklin County Memorial Hall, on East Broad Street, in the northeast corner 
of a triangular-shaped room called the kitchen, in the basement back of the stage. The case was mounted with one 
brick under each footplate cemented to the concrete floor. 

No. 137, Indianapolis, Ind. (1914).—Post office, in a small triangular-shaped room on the Meridian Street side of 
the basement used as a storeroom by the engineer of the building and directly across the hall from the west elevator. 
The case was mounted on the concrete floor. 

No. 138, Springfield, Ill. (1914).—Edwards Public School, at the corner of Lawrence Avenue West and Edwards 
Street, in a room near the center of the north front of the basement. The case was mounted on the concrete floor. 

No. 139, Lebanon, Mo. (1914).—New high school, in the furnace room about 2 feet from the corner of the brick- 
work supporting the boiler. The case was mounted on the concrete floor. 

No. 140, Joplin, Mo. (1914).—Post office, a small room with a sloping ceiling under the stairway in the northeast 
corner of the basement. The case was mounted on the concrete floor. 

No. 141, Fort Smith, Ark. (1914).—Courthouse, in the northeast corner of the room used as a test room for cement, 
etc., by the city engineer, in the southeast corner of the basement. The case was mounted on the concrete floor. 

No. 142, Texarkana, Ark. (1914).—Post office, in the northwest room of the basement of the north wing. The case 
was mounted on the concrete floor. 

No. 143, Hot Springs, Ark. (1914).—Garland County courthouse, in the north corner room of the ground floor. The 
case was mounted on the concrete floor. 

No. 144, Alexandria, La. (1914).—City hall, in one of the small closets under the steps on the northwest side of the 
basement and just to the left of the short flight of steps leading to the main hall of the basement. The case was mounted 
on the concrete floor. 

No. 145, Laurel, Miss. (1914).—Silas Gardner School, in a room on the north side of the basement, the first room 
to the left when entering the basement at the east door and just acroes the hall from the domestic-science kitchen. The 
case was mounted on the concrete floor. 

No. 146, Richmond, Va. (1915).—Post office, in a room near the center of the south side of the basement used as a 
storeroom by the internal-revenue department. The case was mounted with one brick under each footplate cemented 
to the concrete floor. 

No. 147, Emporia, Va. (1915).—The station is in the county courthouse. Two sets of observations were made, the 
first in the office of the commissioner of revenue in the south wing of the courthouse and the second in the southeast 
corner of the mayor’s office, which is the next room. For the first set the case was mounted on the wooden floor and 
for the second set the case was mounted on the concrete floor. 

No. 148, Greenville, N. C. (1915).—Proctor Hotel, on the cerner of Evans and Third Streets, in room No. 2 of the 
higher or back level of the basement, the second room from the steps leading from the lower or front part of the base- 
ment and on the left side of the hallway. The case was probably mounted on the concrete floor. 

No. 149, Wilmington, N. C. (1915).—County courthouse at the intersection of Third and Princess Streets, in a room 
in the basement once used as a storeroom for disinfectants by the city health officer. It is on the side of the basement 
toward Princess Street and the last room but one on the left side of the corridor at right angles to Third Street. The 
case was mounted with two bricks under each footplate cemented together and to the concrete floor. 

No. 150, Cheraw, S. C. (1915).—Hotel Covington, in a back room on the first floor, the second room from the north- 
west end of the building and directly opposite the office of Dr. Purvis. The room is separated from the next one by 
& partition two-thirds of the way to the ceiling. The case was probably mounted on the concrete floor. 

No. 151, Charlotte, N. C. (1915).—United States assay office, in a small room in the east corner of the basement, 
The case was probably mounted on the concrete floor. 

No. 152, Asheville, N. C. (1915).—Post office, in the northeast corner room of the basement which has two small 
windows opening on Haywood Street. The case was mounted with two bricks under each footplate cemented together 
and to the concrete floor. 
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No. 153, Cleveland, Tenn. (1915).—Post office, in the southwest corner of the basement, in 8 room used as a rest 
room for the rural carriers. The case was mounted with two bricks under each footplate cemented together and to 
the concrete floor. 

No. 154, Winston-Salem, N. C. (1915).—High school on Cherry Street at the head of Third Street, in the southwest 
corner of the basement in a room used as a storage room. The case was probably mounted on the concrete floor. 

No. 155, Knozville, Tenn. (1915).—Western Union office building, on Gay Street near Vine Street, in the basement 
in a room used as a storeroom by the linemen and about 10 feet from the foot of the stairs leading down from the main 
office. The case was mounted with two bricks under each footplate cemented together and to the concrete floor. 

No. 156, Bristol, Va. (1915).—Courthouse and city hall, in a room on the south side of the basement next to the 
southeast corner room. The case was mounted with two bricks under each footplate cemented together and to the 
concrete floor. 

No. 157, Homestead, Fla. (1915).—High school, in a temporary room constructed on the north end of the west 
porch. The case was mounted with two bricks under each footplate cemented together and to the concrete floor of 
the porch. 

No. 158, Sebring, Fla. (1915).—Kiln for drying lumber, about 40 meters northeast of the electric-light plant and 
100 meters northeast of the Atlantic Coast Line Railway station. The case was mounted on a pier made of concrete 
blocks cemented together, with two bricks under each footplate cemented together and to the top of the pier. 

No. 159, Titusville, Fla. (1915).—Small office belonging to J. S. Daniels near the northwest corner of Palm and Julia 
Streets. The case was mounted on a pier made of concrete blocks cemented together, with two bricks under each 
footplate cemented together and to the top of the pier. 

No. 160. Leesburg, Fla. (1915).—George W. Wrenneck Building, at the corner of Main and Seventh Streets, in the 
southwest corner of the back room. The case was mounted with two bricks under each footplate cemented together 
and to the concrete floor. 

No. 161, Cedar Keys, Fla. (1915).—House belonging to J. B. Lutterdah, at the northeast corner of Fifth and D 
Streets, in the northwest corner of the south basement room. The case was mounted on a brick pier with two bricks 
under each footplate cemented together and to the top of the pier. 

No. 162, Macon, Ga. (1915).—Post office, near the window of the engineer’s room in the basement. The case 
was mounted with two bricks under each footplate cemented together and to the concrete floor. 

No. 168, Albany, Ga. (1915).—Grammar school at the corner of Broad and Madison Streets, in the northwest corner 
of the janitor’s storeroom in the basement. The case was mounted with one brick under each footplate cemented to 
the concrete floor. ; 

No. 164, Pensacola, Fla. (1915).—Customhouse and post office, in the northeast corner of the customhouse store- 
room in the basement. The case was mounted with two bricks under each footplate cemented together and to the 
concrete floor. 

No. 165, Opelika, Ala. (1915).—New brick store on Avenue A, owned by Mrs. Josephine Denniston and rented by 
J. Lem Satterwhite, in the southeast end of the basement. The case was mounted with two bricks under each foot- 
plate cemented together and to the concrete floor. 

No. 166, Huntsville, Ala. (1915).—United States courthouse and post office, in the easternmost room in the base- 
ment. The case was mounted with two bricks under each footplate cemented together and to the concrete floor. 

No. 167, Arkansas City, Ark. (1915).—Courthouse, in the west corner of the grand jury room. The case was mounted 
with two bricks under each footplate cemented together and to the concrete floor. 

No. 168, Memphis, Tenn. (1915).—Customhouse and post office, in the northeast corner of the northeast room in 
the basement. The case was mounted with two bricks under each footplate cemented together and to the concrete 
floor. 

No. 169, Mammoth Spring, Ark. (1915).—Old Fulton County Bank Building, owned by the Citizens Bank of 
Mammoth Spring, in a smal! room used for ice storage in the southwest corner of the north basement room. The case 
was mounted with twe bricks under each footplate cemented together and to the concrete floor. 

No. 170, Hopkinsville, Ky. (1915).—Custonhouse and post office, in the southeast corner of the northeast room of 
the basement. The case was mounted with two bricks under each footplate cemented together and to the concrete 
floor. 

No. 171, Danville, Ky. (1915).—Customhouse and post office, near the center of the north end of the room used as 8 
coal bin in the northeast corner of the basement. The case was mounted with two bricks under each footplate cemented 
together and to the concrete floor. 

No. 172, Clifton Forge, Va. (1915).—Courthouse and post office, in the north end of the storeroom near the center 
of the west side of the basement. The case was mounted with two bricks under each footplate cemented together and 
to the concrete floor. 

No. 173, Greenville, Ala. (1915).—Courthouse, in the west end of the coal bin in the boiler room in the basement. 
The case was mounted with two bricks under each footplate cemented together and to the concrete floor. 

No. 174, Birmingham, Ala. (1915).—United States customhouse and post office at the northeast corner of Second 
Avenue and [-ighteenth Street, in the janitor’s office in the basement. The case was mounted with two bricks under 
each footplate cemented together and to the concrete floor. 

No. 175, Lerington, Va. (1915).—Post office at the corner of Lee Avenue and Nelson Street, in the southwest end 
of the storeroom near the center of the northeast side of the basement. The case was mounted with two bricks under 
each footplate cemented together and to the concrete floor. 
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No. 176, Prestonsburg, Ky. (1915).—The Bank Josephine, on Main Street, at the foot of the bridge over the Big 
Sandy River, in the northwest corner of the southwest room in the basement. The case was mounted with two bricks 
under each footplate cemented together and to the concrete floor. 

No. 177, Traverse City, Mich. (1915).—Post office, in storeroom in the basement. The case was mounted with two 
bricks under each footplate cemented together and to the concrete floor. 

No. 178, Seney, Mich. (1915).—Bank of the Boggott, Bacheller & Cool Banking Co., in the vault. The case was 
mounted on the concrete floor. 

No. 179, Oconto, Ws. (1915).—High school on School Street, in the mechanical drawing room in the south corner 
of the basement. The case was mounted with two bricks under each footplate cemented together and to the concrete 
floor. 

No. 180, Grand Rapids, Wis. (1915).—Bandelin Hotel on Grand Avenue, in the basement near the middle of the 
east side. The case was mounted with two bricks under each footplate cemented together and to the concrete floor. 

No. 181, Winona, Minn. (1915).—Post office, in the northeast corner room of the basement. The case was mounted 
on the brick floor, with one paving brick under each footplate. 

No. 182, Baldwin, Wis. (1915).—Town Hall, in the rest room in the basement at the foot of the stairs leading from 
the main entrance of the building. The case was mounted with two bricks under each footplate cemented together 
and to the concrete floor. 

No. 183, Cumberland, Wis. (1915).—High-school building, in the boiler room in the basement. The case was 
mounted with two bricks under each footplate cemented together and to the concrete floor. 

No. 184, Cambridge, Minn. (1915).—High-school building, in the west part of the boiler room in the basement. 
The case was mounted with two bricks under each footplate cemented together and to the concrete floor. 

No. 185, Brainerd, Minn. (1915).—Post oflice at northwest corner of Maple and Sixth Streets, in a room about 
midway of the west side of the basement. The case was mounted with two bricks under each footplate cemented 
together and to the concrete floor. 

No. 186, Aberdeen, S. Dak. (1915).—Post office and courthouse, in the north end of the small storeroom at the north 
end of the basement. The case was mounted with a small concrete block under each footplate cemented to the concrete 
floor. 

No. 187, Faith, S. Dak. (1915).—W. C. Meyer’s residence, about 260 meters west-southwest from the Chicago, 
Milwaukee & St. Paul Railway Station, in the northwest room of the basement. The case was mounted with a small 
concrete block under each footplate cemented to the concrete floor. 

No. 188, Marmarth, N. Dak. (1915).—Allison Building, on the corner of Main and First Streets, in the west end 
of a small storeroom in the basement directly beneath the post oftice. The case was mounted with a small concrete 
block under each footplate cemented to the concrete floor. 

No. 189, Towner, N. Dak. (1915).—McHenry County courthouse, in the west end of the vault in the basement. 
The case was mounted with a small concrete block under each footplate cemented to the concrete floor. 

No. 190, Crosby, N. Dak. (1915).—Crosby graded school, in the northwest room in the basement. The case was 
mounted with a small concrete block under each footplate cemented to the concrete floor. 

No. 191, Crookston, Minn. (1915).—Franklin School, in the east part of the basement. The case was mounted 
with two bricks under each footplate cemented together and to the concrete floor. 

No. 192, Poplar Mont. (1915).—Poplar public school in the northeast part of the town, in the east room in the 
basement. The case was mounted with a small concrete block under each footplate cemented to the concrete floor. 

No. 193, Miles City, Mont. (1915).—Lincoln School, on Lake Street, in the south part of the town, in the south end 
of the west storeroom in the basement. The case was mounted with a small concrete block under each footplate 
cemented to the concrete floor. 

No. 194, Huntley, Mont. (1915).—Huntley Hotel, north-northwest of the railway station, in the southeast corner 
of the basement room under the south part of the hotel. The case was mounted with a small concrete block under 
each footplate cemented to the concrete floor. 

No. 195, Lander, Wyo. (1915).—Post office and courthouse, in the south end of the storeroom in the south corner of 
the basement. The case was mounted with a small concrete block under each footplate cemented to the concrete floor. 

No. 196, Faribault, Minn. (1915).—Central School, in the southeast corner room of the basement. 
mounted with two bricks under each footplate cemented together and to the concrete floor. 

No. 197, St. James, Minn. (1915).—County courthouse, in the basement midway of the north side of the building. 
The case was mounted with two bricks under each footplate cemented together and to the concrete floor. 

No. 198, Edgemont, S. Dak. (1915).—Public-schoo] building, in the southwest corner of the southeast room in the 
basement. The case was mounted with a small concrete block under each footplate cemented to the concrete floor. 

No. 199, Dawson, Minn. (1915).—High-school building, in the dark room in the basement. The case was mounted 
with two bricks under each footplate cemented together and to the concrete floor. 

No. 200, Cokato, Minn. (1915).—High school, in the basement under the central part of the east side of the building. 
‘The case was mounted with two bricks under each footplate cemented together and to the concrete floor. 

No. 201, Wasta, S. Dak. (1915.)—Residence of James Trask on the east side of the street one block west and two 
blocks north from the railway station, in the northwest corner of the cellar under the southeast corner of the house. 
lhe case was mounted with a small concrete block under each footplate cemented to the concrete floor. 
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No. 202, Moorcroft, Wyo. (1915).—Public-school building, on the south side of the east room in the basement. 
The case was mounted with a smal] concreto block under each footplate cemented to the concrete floor. 

No. 203, Duluth, Minn. (1915).—County courthouse, in a room known as the connecting hall in the basement under 
the center of the building. The case was mounted with two bricks under each footplate cemented together and to the 
concrete floor. 

No. 204, Osage, Iowa (1915).—High school, in the basement near the middle of the south side of the building and 
directly under the galvanized-iron air duct. The case was mounted with two bricks under each footplate cemented 
together and to the concrete floor. 

No. 205, Randolph, Nebr. (1915).—Public school near the Burlington Railway station, in the southwest corner of 
a temporary room constructed in the west end of the southernmost ventilating room in the basement under the east 
side of the building. The case was mounted with a small concrete block under each footplate cemented to the concrete 
floor. 

No. 206, Valentine, Nebr. (1915).—Public school, in the southeast corner of the southeast room in the basement, 
The case was mounted with a smal! concrete block under each footplate cemented to the concrete floor. 

No. 207, Wheeling, W. Va. (1915).—German Bank Building, in the basement under the Western Union Telegraph 
office. The case was mounted with two bricks under each footplate cemented together and to the concrete floor. 

No. 208, Leon, Jowa (1915).—North School, in the south side of the northwest room on the ground floor. The 
case was mounted with a small concrete block under each footplate cemented to the concrete floor. 

No. 209, Laurel, Md. (1915).—Residence of Col. Frank E. Little on Main Street about 10 minutes walk from the 
Baltimore & Ohio Railway station, in the east corner of the easternmost room in the basement. The case was mounted 
with a small concrete block under each footplate cemented to the concrete floor. 

No. 210, Harrisburg, Pa. (1915).—Central High School, in the basement near the center of the north side of the 
building. The case was mounted with two bricks under each footplate cemented together and to the concrete floor. 

No. 211, Pttisburg, Pa. (1915).—Second Ward School on Sherman Avenue just north of North Avenue in the 
north-side section of Pittsburgh, in the basement under the east front of the building. The case was mounted with 
two bricks under each footplate cemented together and to the concrete floor. 

No. 212, Rockville, Md. (1915).—High school, in the north end of a small room formerly used as a printing shop in 
the basement under the north side of the building. The case was mounted with a small concrete block under each 
footplate cemented to the concrete floor. 

No. 213, Upper Marlboro, Md. (1915).—Masonic Hall on the south side of Main Street about 80 meters west of the 
courthouse, in the west side of the southeast room in the basement. The case was mounted with a small concrete 
block under each footplate cemented to the concrete floor. 

No. 214, Fairfax, Va. (1915).—Bungalow belonging to the Rural Homes Development Co. about 300 meters west- 
northwest from the residence of E. A. Capen, in the southwest corner of the basement. The case was mounted with a 
amall concrete block under each footplate cemented to the concrete floor. 

No. 215, Crisfield, Md. (1915).—Residence of J. H. Riggin, 101 South Somerset Avenue, in the rear part of the 
basement. The case was mounted with two bricks under each footplate cemented together and to the concrete floor. 

No. 216, Fredericksburg, Va. (1915).—Post office, storeroom in the basement under the north side of the building. 
The case was mounted on the concrete floor. 

No. 217, Dover, Del. (1915).—Wilmington Conference Academy, in the basement under the gymnasium at the 
middle of the north side of the building. The case was mounted with two bricks under each footplate cemented 
together and to the concrete floor. 

No. 218, North Tamarack near Calumet, Mich. (1902).—Observations were made at three different levels at North 
Tamarack Mine, at the surface of the ground, at a depth of 1200 feet, and at adepth of 4600 feet. The two stations 
below the ground were occupied by Prof. F. W. McNair, of the Michigan College of Mines. His results are not pub- 
lished here. A temporary pendulum room was probably used for the surface observations. The case was mounted 
on & masonry pier. 

No. 219 Hagerstown, Md. (1915).—Post office, in the northeast corner of the boiler room in the northwest corner of 
the basement. The case was mounted with asmall concrete block under each foot plate cemented to the concrete floor. 
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